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IRRIGATED VS. NONIRRIGATED POTATOES 

pOTATO CULTURE IN THE WESTERN STATES is largely 
^ confined to irrigated land. Recently many v^ells have been 
drilled in some sections for an additional source of water. Some 
wells supplement ditch water, but many are in areas formerly 
considered dry land. In addition to the potatoes grown under 
irrigation in these States, a considerable acreage is produced 
without irrigation in the semiarid sections and also in the humid 
sections of the Pacific coast. Potato growing in some of the dry- 
land sections is confined largely to the production of seed. There 
is much land available for potato production; if necessary, many 
States could increase their present acreages. 

The general information on potato production in this bulletin 
refers particularly to Arizona, California, Colorado, Idaho, Mon- 
tana, Nebraska, Nevada, New Mexico, Oregon, Utah, Washington, 
and Wyoming. Census figures for 1939 show that in these States 
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four times as many acres of potatoes were grown under irriga- 
tion as under dry-farming conditions and that the yield per acre 
for the irrigated crop was almost exactly three times that of the 
dry-farmed. Idaho had the largest potato acreage under irriga- 
tion, with Colorado second and California third. California had 
the highest yield per acre under irrigation. 

In recent years the market quality of potatoes has been im- 
proved by paying more attention (1) to harvesting the crop with 
a minimum amount of bruising, (2) to washing, and (3) to the 
appearance of containers for shipping. 

SOIL REQUIREMENTS 

The potato is cosmopolitan in its soil requirements. It succeeds 
best, however, on sandy, gravelly, peat, or muck soil. Good crops 
are also produced on black or clay* loam if the drainage is good. 
The essential quality of a good potato soil is that it shall remain 
porous during the growing season. Soils that stick to the tubers 
and crack badly should be avoided. The heavier soils are more 
difficult to prepare, tend to puddle when irrigated, and produce 
misshapen tubers. Poorly drained soils or those with impervious 
, subsoil should always be avoided. Subsoil of this nature may 
prevent the drainage of surplus water so that the upper soil, even 
though light and sandy in nature, is not properly aerated. 

CROP ROTATION 

The purpose of any rotation is to obtain the largest yields per 
acre from the most profitable crops. A good rotation maintains 
the fertility of the soil and reduces weeds, insect pests, and plant 
diseases. Although there are no hard and fast rules relative to 
the length of a rotation, it is a rather common practice to keep 
the land in alfalfa 2 to 7 years, potatoes 1 year, and grain 1 year 
and then return to alfalfa. Where sugar beets are- grown, pota- 
toes are usually followed by beets and the beets by grain. Very 
satisfactory results may also be obtained with sweetclover when 
a short rotation is desired. 

At the Colorado Potato Experiment Station, located at Greeley 
and operated by the United States Department of Agriculture, a 
4-year rotation has been used with satisfactory results. This con- 
sists of potatoes on alfalfa sod followed by a light seeding of bar- 
ley or oats and an ordinary seeding of alfalfa and then 2 years of 
alfalfa. Long rotations are beneficial in reducing the losses due 
to soil-borne organisms. 

In Idaho some growers plow under the third cutting of alfalfa 
the fall before the potatoes are planted ; red clover is also used in 
the rotation except where wire worms (p. 55) are a factor. 

SOIL IMPROVEMENT AND PREPARATION 

Commercial fertilizers are now rather generally used in potato 
production in the Western States, except for dry-land production. 
Owing to the great variation in soil fertility over this vast area 
the fertilizer used varies greatly in kind and quantity. In some 
districts growers apply only phosphate and in others nitrogen, 
whereas other farmers use a complete fertilizer. In most districts 
nitrogen is supplied by turning under alfalfa, sweetclover (fig. 1) , 
or other leguminous crops. Many of the most successful potato 
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growers in the West apply large quantities of barnyard manure 
previous to planting potatoes. The addition of organic material is 
very important in most soils. 

Most commercial fertilizers are applied at the time of planting 
in bands about 2 inches from the seed pieces and slightly belotw 
them. In some sections side dressings of nitrogen are applied 
after the plants have emerged. 

In the preparation, of the soil for potatoes the main objectives 
are (1) to kill and incorporate thoroughly the alfalfa or other 
sod and (2) to pulverize the soil to form a mellow seedbed. It is 
impossible to produce maximum yields from poorly prepared land. 
Whether the soil should be plowed in the fall or in the spring 
depends largely on its physical character and the preceding crop. 
If the soil is heavy, it is benefited by exposure to the action of 
frost, snow, and rain during the winter ; on the other hand, if the 
land is subject to erosion during the winter, it is better to plow in 
the spring. 

When alfalfa sod is plowed in the fall, a common practice is to 
go to a depth of 3 or 4 inches, or just deep enough to cut below 
the crowns of the alfalfa plants. The land is then plowed deep 
in the spring. 

In some districts of the West, alfalfa is turned under just 
before planting time without trouble ensuing from the cut-off 
crowns or from surviving alfalfa plants. Thorough plowing 
(fig. 2) is very important. Plows not equipped with alfalfa 
shears frequently leave some plants uncut. The plow should be 
followed by the harrow, which will drag out most of the short 
crowns of alfalfa that have been cut off. On the heavy soils it 
is a good practice to follow the plow with the harrow within 2 or 
3 hours to pulverize the soil and prevent the formation of clods. 
Land plowed in the morning should be harrowed before noon; 
that plowed in the afternoon should be harrowed before night. 

Many growers now use a land chisel, with beneficial results, to 
loosen the soil to a depth of 16 to 20 inches. 

The seedbed should be prepared so that the soil around the seed 

r ■ ^ ■ ■ ' ■ — : 'V'-m.^. . u.. ^ ' — — — — — - . n 




Figure 1. — ^Adding humus to the soil by plowing under sweetelover. 
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Figure 2.— Plowing- sod preparatory to planting potatoes. 

pieces is moist. A good practice is to firm dry or loose soil with 
a subsurface packer after planting, especially in the dry-land area 
and on irrigated soils ff water is not available. This is more im- 
portant with plantings made in May or June than with those made 
earlier. 

The importance of proper leveling under irrigation (fig. 3) 
and of a thoroughly prepared seedbed under all conditions cannot 
be overemphasized. Land plowed when too wet usually remains 
in poor condition throughout the growing season. Subsequent 
cultivations cannot remedy a poorly or carelessly prepared seed- 
bed. 

SELECTION AND CARE OF SEED STOCK 
IMPORTANCE OF GOOD SEED 

Although much has been said and published regarding the im- 
portance of good seed stock, each year presents overwhelming 
evidence that many growers continue to use inferior seed. Good 
seed should be free from freezing injury and disease; it should be 
of good type, true to name, sound, firm, and not overgrown. 
Through the seed-certification agencies that have been established 
growers now have reliable sources of seed. Seed may also be pur- 
chased direct from seed growers. 

Every grower who produces his own seed should maintain an 
isolated seed plot planted in tuber units. Tubers weighing from 6 
to 9 ounces are of a good size to select for tuber-unit planting. 
These units consist of the four quarters of selected tubers, planted 
consecutively, with sufficient space left between each unit so that 
the plants from each tuber may be distinguished. This enables 
the grower to recognize diseased plants more readily and permits 
roguing to be done more accurately and earlier than is possible 
with other methods. 



4 



CERTIFIED SEED 

The purpose of certified seed is to provide the purchaser with 
reliable seed stock with a minimum amount of tuber-borne dis- 
eases. Certified seed is grown in both irrigated and nonirrigated 
districts in all seed-producing States. For many years potato 
growers were prejudiced against the use of seed stock grown 
with the aid of irrigation water. However, experiments indicate 
that irrigation water has little or no effect on the vigor and vitality 
of seed. In the production of certified seed special care should be 
given to all phases of culture, especially the removal of diseased 
plants. All parts of plants affected with diseases carried by in- 
sects should be placed in a close-mesh bag and carried from the 
field. It is very important that the best seed available be planted 
for the production of certified seed. Generally the best source of 
seed is lots designated as foundation stock by certification agencies. 

Many growers of certified seed maintain seed plots for the pro- 
duction of their own seed. Seed plots are generally planted as 
tuber units, for which well-shaped tubers weighing from 6 to 9 
ounces are selected. In planting the seed plot the four seed pieces 
of the tubers are placed one after another in the row with extra 
space between the units, thus permitting ready recognition of the 
different ones. All plants of a unit should be removed if any one 
of them shows symptoms of disease. 

TREATMENT OF SEED WITH DISINFECTANTS 

Seed treatment should be regarded in the nature of a safeguard. 
The value of seed treatment is still doubtful in some sections 




Figure 3. — Under irrigation, proper leveling of land is very important in the 

preparation of the seedbed. 
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largely because seed treatment is of little or no apparent benefit 
where soils are heavily infested with the scab organism or Rhizoc- 
tonia. As a rule, however, it pays to treat seed affected with scab 
or rhizoctonia canker before planting it, because additional scab 
organisms or possible new races may be added to the land. Virus 
or other diseases within the tuber are not killed by seed treatment. 
The effectiveness of such treatment is largely dependent upon how 
closely the operator follows directions, as serious sprout injury 
may result if the proper method is not followed. 

The materials in use as seed-potato disinfectants are mercuric 
chloride (corrosive sublimate), acid-mercury (mercuric chloride 
and hydrochloric acid), formaldehyde (cold or hot), and organic 
mercury compounds. 

Mercuric Chloride 

Mercuric chloride (corrosive sublimate) solution is generally 
used at ordinary temperatures and is prepared by dissolving 4 
ounces of the chemical in 30 gallons of water. It should never be 
put into metal containers unless they are covered with a coating of 
asphaltum or other protective material. Soak whole tubers IV2 
to 2 hours in the solution, using sacks (fig. 4) or preferably wooden 
crates as containers ; then allow the tubers to dry. To correct the 
loss in strength of the solution, one-half ounce of the chemical 
should be added for every 4 bushels treated for 2 hours. For the 
li/^-hour treatment, add three-eighths ounce of mercuric chloride. 
Add water to bring the solution to its original volume. After 
treatment of four lots, discard the solution and make up a fresh 
one. 

As mercuric chloride is a deadly poison care must be taken in 
mixing and handling the solution to prevent contact with the 
mouth, eyes, or nostrils. Oiled leather gloves should be worn while 




Figure 4. — Large tank commonly used in treating seed potatoes with mercuric 
chloride (corrosive sublimate), 
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mixing and handling the solution, and a rubber or oilcloth apron 
should be worn to protect the clothing. Unused solution should 
be buried or disposed of in such a way that human beings and an- 
imals cannot be poisoned. All vessels must be thoroughly cleaned 
before being used again. All clothing and protective devices must 
be cleaned. Treated potatoes should not be used for food or for 
feeding animals, and livestock should not be allowed to drink any 
of the treating solution. 

Add -Mercury Dip 

To make the acid-mercury treating solution, dissolve 6 ounces of 
mercuric chloride in 1 quart of hydrochloric acid. Add the solu- 
tion to 25 gallons of water in a wooden barrel or other wooden con- 
tainer. Submerge whole tubers for 5 minutes. Remove tubers 
and dry them immediately to prevent injury. One solution will 
treat 25 to 30 bushels of seed. 

Concentrated hydrochloric acid is very caustic and should be 
handled very carefully. In working with acid-mercury solution 
use the precautions suggested for mercuric chloride, as it is deadly 
poisonous. (See p. 6.) 

The acid-mercury dip is gaining in favor over mercuric chloride 
because of the short time required for treating. The tubers should 
be treated before the sprouts become visible or sprout injury may 
result, and after treatment they must be well-dried at once to pre- 
vent injury to the eyes and skin of the tubers. 

Cold Formaldehyde 

The formaldehyde solution used at room temperature consists of 
1 pint of formalin (40-percent formaldehyde) in 30 gallons of 
water. Soak whole tubers IV2 to 2 hours. 

Cold formaldehyde is irritating to the skin; when heated it will 
give off vapors irritating to the eyes and respiratory tracts. Oiled 
leather gloves fitting tightly at the wrist should! be worn to prevent 
harm to the hands. If large quantities of seed are to be treated, 
a rubber or an oilcloth apron should also be worn to protect the 
clothing. Surplus solution should be buried or safely disposed 
of otherwise. Vessels and clothing should be thoroughly cleaned. 
The operation should be carried on outdoors or in a well-ventilated 
place. If proper ventilation is not possible, a suitable gas mask 
should be worn by everyone in the room. 

Hot Formaldehyde 

The hot-formaldehyde treatment is made with 2 pints of for- 
malin (40-percent formaldehyde) in 30 gallons of hot water. Im- 
merse whole tubers in the hot solution (125° F.) for 3 to 4 minutes. 

The hot-formaldehyde treatment has become popular in some 
sections, and large quantities of seed are treated at community- 
operated plants. Smaller quantities may be treated on the farm. 
Where such practice prevails, the seed is usually treated in sacks 
and is allowed to dry in them (fig. 5). Presoaking adds to the 
effectiveness of the treatment. This consists in dipping the 
tubers into water, draining, and allowing them to stand in the 
moist sacks, or covering them with sacks, for 24 hours before 
treating. After treatment with hot formaldehyde, potatoes should 
be covered for an hour; then the filled sacks should be set sepa- 
rately to dry. 
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A gas mask should be worn by ail! p^mns working with hot- 
formaUehyde solution, both inside and outside of buildings. Other 
preeautions should be taken as indicated for the cold-formaldehyde 
treatment (p. 7). « , „ 

Organic Mercury Coifipounds 

The organic mercury compounds are used as instantaneous dips 
as recommended by the manufacturer. These materials are not 
corrosive and may be used in metal containers. Seed should be 
placed in picking baskets and dipped into the solution. Baskets 
should then be removed and placed on a drainboard so that excess 
solution may drain back into the container. 

The same preeautions should be exercised with organic mercury 
compounds as with mercuric chloride. (See p. 6.) 

CUTTING THE SEED 

Grav^ers in some irrigated sections plant whole instead of cut 
3eed becauiiei there is less danger of rotting or drying in the soil 
before the sprouts are rooted. Good whole seed is difficult to 
obtain; the common source is the small tubers from commercial 
fields. Small whole tubers from healthy plants only should be used. 

Poor stands are nearly always due to seed-piece rot, which is 
generally more severe as the cut-surface area increases. There- 
fore, seed cut from large tubers requires more care in handling 
than that from small tubers. 

Usually seed pieees are cut too small. A large seed piece (fig. 6 ) 
has a much better chance than a small one to produce a sturdy 
sprout under unfavorable soil conditions. Numerous machines for 
cutting seed potatoes are on the market, some of them being de- 
signed for hand operation and others for power operation. Al- 




FiGURE 5.— Small hot-formaldehyde seed-treatment outfit suitable far use on 

the farm. 
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though such 
power cutting de- 
vices reduce the 
time element, a 
small number of 
no-eye pieces may 
be expected. This 
is especially true 
with varieties 
having few eyes 
near the stem 
end. Machine-cut 
seed is often ir- 
regular in size 
and shape. 

In some sec- 
tions growers use 
revolving cutting 
knives (fig. 7). 
The disk or disks, 
the number de- 
pending on the Figure 6. — Large blocky seed pieces insure good stands, 
size of the ma- 
chine, revolve in a disinfecting solution or boiling water and are 
power-driven. The disks revolve slowly, making about 16 to 20 
revolutions per minute. The purpose of this machine is to prevent 
the spread of ring rot and other seed-borne organisms that may be 
spread by the cutting knife. The potatoes are placed in a large 
hopper constructed so that the tubers roll down on each side of 
the disk to the hands of the operator. The operator cuts the 
potatoes by pushing them against the revolving disks. As the 
potatoes are cut, the seed pieces fall into a basket or onto a con- 
veyor that carries them to one end of the machine, 'where they are 
dropped into sacks or baskets. 

Many different solutions have been used to sterilize the cutting 
knife, but tests conducted at the Colorado and Wyoming Agricul- 
tural Experiment Stations indicate that boiling water or water 
near the boiling point is probably the most practical. Although 
sterilizing the cutting knife may prevent the spread of the ring rot 
organism at the time of cutting, there is ample opportunity for 
its spread before and after cutting. Some growers treat the seed 
after cutting, but this has not been entirely satisfactory. Potatoes 
from fields in which ring rot is known to have occurred should not 
be planted. ^^^^ ^^^^^^^ ^^^^ 

Potatoes are generally planted as soon as they are cut, but they 
may be cut some time in advance of planting if properly suberized, 
or healed. Freshly cut seed may heat if put into sacks and placed 
in a pile. Cut seed exposed to the sun on a hot day for any length 
of time may start to decay soon after it is planted. If the air is very 
dry or the sun bright, it is a good practice to shade all seed taken 
to the field for planting and also seed left in the planter during the 
noon hour. Most growers do not cut a very large quantity of seed 
ahead of the planter lest rain cause delay; in that case the cut seed 



9 



may deteriorate unless properly handled. Cut seed should not be 
put into unwashed fertilizer bags. Some growers who plant freshly 
cut seed pieces dust them with lime to prevent them from sticking 
together. 

Suberization of seed is not recommended unless it can be prop- 
erly done; partial suberization of seed is of no benefit. Seed can 
be suberized in the potato cellar if the correct temperature and 
moisture requirements are maintained. A temperature of 60° to 
70° F. and a relative humidity of not less than 70 percent are best. 
A special room may be necessary if the proper temperature and 
moisture requirements cannot be maintained in the storage cellar. 

Cut seed to be healed may be placed in baskets, crates, or bags. 
Baskets and 100-pound burlap bags should be only half filled. The 
bags should be spread out flat so the pieces are only 4 or 5 inches 
deep. One day after they are cut or the surfaces dried, the pieces 
should be poured from one container to another or if sacks are 
used they should be turned over to break apart the pieces sticking 
together. Suberization is good assurance against seed-piece decay 
in case potatoes are planted in dry soils or soils having a high 
temperature. Suberization requires 8 or 10 days, after which the 
seed should be stored where it is cool or planted. 

PLANTING AND SPACING 

Seed pieces are usually planted 3 to 5 inches deep or sufSciently 
deep to make sure that they are covered with moist soil. Shallower 
planting is practiced more often with the early crop than with the 
late one ; deep planting is more necessary under dry-land farming 
than under irrigation. 

Three types of planters are now being used: The picker, the 
cup-type, and the assiste(i-feed, each having advantages, and dis- 




PlGURE 7. — Potato-cutting machine with sterilized revolving cutting knives. 
Use of a rotary cutting disk is an efficient method of cutting seed, 
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advantages. The picker-type planter is most generally used be- 
cause of its economical operation. Good stands may be obtained 
with this type of machine if the seed is cut into blocky seed pieces 
of a fairly uniform size. However, the pickers jabbing into the 
seed pieces may spread disease-producing organisms from one 
seed piece to another. Picker planters should be checked fre- 
quently to make certain that they are functioning properly. The 
cup-type planter is best adapted for planting whole seed ; it is used 
as a one- or two-man planter. The assisted-f eed planter is slower 
and requires two men to operate it, but with a competent man 
assisting the feed a perfect drop should be obtained. ' 

Two-, three-, and four-row planters are now in use by some of 
the large operators. These planting units are drawn by tractors 
and plant large acreages in a single day, permitting the grower 
to take advantage of proper soil moisture and weather conditions. 

Some tuber-unit planters are now being used by seed growers. 
These machines are completely automatic. Whole tubers of the 
proper size are placed in the hopper. The machine cuts, spaces, 
and plants the tubers in units. The knife is sterilized after cutting 
each tuber. Only a few of these machines are now in operation, 
but they will probably be used more extensively in the future. 

The chief considerations determining the distance between rows 
are the fertility of the soil and the available soil moisture. In dry- 
land potato production a much wider row spacing is necessary 
than under irrigation ; the distance between rows is generally 42 
inches, and the seed pieces are spaced 14 to 30 inches in the row. 

Under irrigation the distance between rows varies somewhat; 
but, usually as a matter of convenience in cultivating, ditching, 
irrigating, and digging, the rows are spaced 34 to 36 inches apart, 
and the seed pieces are planted 9 to 14 inches apart in the row, 
depending on the variety and the fertility of the soil. For early 
potatoes, the distance between the rows is sometimes reduced to 
30 or 33 inches. Wide ridges are important in growing potatoes 
in most of the irrigated districts, as they give ample room for 
tuber development and also afford frost protection in the fall. 
Close spacing is necessary with some varieties when grown under 
irrigation to reduce the size, to minimize the growth cracks and 
hollow heart, and to obtain maximum yields. Where rainfall is 
suflScient to produce a good crop, as in the western parts of Oregon 
and W^ashington, the seed pieces are spaced the same as on irri- 
gated land. 

The quantity of seed required to plant an acre of potatoes varies 
with the size of the seed, the spacing of the seed pieces in the row, 
and the distance between rows. Table 1 gives the number of 
bushels of potatoes required to plant an acre at different spacings 
with seed pieces of various sizes. 

IRRIGATION 

In some districts, owing to insufficient snowfall and spring rains 
and< to drying winds or continued hot weather, it becomes neces- 
sary in some years to irrigate the land before planting (fig. 8), 
or to "irrigate up'' the newly planted crop. The term "irrigating 
up" refers to the application of water after planting, to supply 
moisture to facilitate germination. If spring plowing has been 
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delayed, the land may be irrigated before plowing. When alfalfa 
sod has been crowned in the fall and the land has been plowed 
early in the spring, it is not practical to irrigate the soil by flood- 
ing, but such land may be furrowed or ditched and irrigated before 
being planted. Irrigating in the fall or early spring is a good 
practice if water is available. Applying the water before planting 
is preferable to irrigating after the seed is in the ground. 

If the soil lacks sufficient moisture to germinate the seed pieces, 
water may be supplied after planting. When seed of liberal size 
has been used and the plahting has been sufficiently deep, strong 
sturdy sprouts may develop, but soil moisture must be available 
before roots will form on the sprouts (fig. 9). 



Table 1. — Potatoes required to plant an acre at different 
spacings with seed pieces of various sizes ^ 



SpacinsT between rows (inches) 


Spacing 
between 
seed 
pieces . 


Seed p 
1 ounce 


ieces of 
to p 

ounces 


ndicated 
lant an a 

iy2 

ounces 


weight re 

ere 

1% 
ounces 


quired 

2 ounces 




Inches 


Bushels 


Bushels 


Bushels 


Bushels 


Bushels 






27.2 


34.0 


40.8 


47.6 


54.4 




) x! 


21.8 


27.3 


32.6 


38.1 


43.6 






18.2 


22.7 


27.2 


31.8 


36.3 




15.6 


19.4 


23.3 


27.2 


31.1 




( 16 


13.6 


17.0 


20.4 


23.8 


27.2 






25.5 


31.1 


38.3 


44.7 


51.1 






20.4 


25.5 


30.6 


35.7 


40.8 






17.0 


21.3 


25.6 


29.8 


34.0 




14.6 


18.2 


21.9 


25.5 


29.2 




( 16 


12.8 


16.0 


19.2 


22.4 


25.6 






24.0 


30.0 


36.0 


42.0 


48.0 




j ^l 


19.2 


24.0 


28.8 


33.6 


38.4 






16.0 


20.0 


24.0 


28.0 


32.0 




13.7 


17.1 


20.6 


24.0 


27.4 




{ 16 


12.1 


15.0 


18.0 


21.0 


24.0 






22.7 


28.4 


34.0 


39.7 


45.4 






18.1 


22.7 


27.2 


31.7 


36.3 






15.1 


18.9 


22.7 


26.5 


30.2 


\l 


13.0 


16.2 


19.4 


22.7 


25.9 




{ 16 


11.3 


14.2 


17.0 


19.8 


22.7 




/ 18 


8.6 


10.8 


13.0 


15.1 


17.3 




) 24 


6.5 


8.1 


9.7 


11.3 


13.0 


) 30 


5.2 


6.5 


7.8 


9.1 


10.4 




V 36 


4.3 


5.4 


6.5 


7.6 


8.6 



1 Data adapted from Stuart, William, the potato. 518 pp., illus. 1923. (See p. 63.) 



"Irrigating up" the crop after planting (fig. 10) must be done 
very carefully or the seed will decay. This is especially true in 
hot weather. The most successful method is to irrigate by the 
furrow method until the moisture reaches the seed piece or 
sprout but to suspend irrigation before the soil above the seed piece 
becomes wet. This method has resulted in good germination and 
little seed-piece decay. 

Where furrow irrigation is to be practiced, the furrows must be 
made before the "water is applied. Usually the irrigation water is 
run in furrows between the rows or pairs of rows. The kind of 
furrow depends on the type of soil, length of row, and the slope of 
the land. Ordinarily furrows are made by attaching special 
ditchers to a two-row cultivator with the shovels removed (fig. 11) . 
On flat land with heavy soils the irrigation furrows must be deep 
and narrow so that the water will not reach the tops of the ridges 
before it reaches the far ends of the rows. Water should be ap- 
plied to the soil below the tubers. If deep furrows are used, there 
is less tendency to pack the soil in the potato rows. If the slope is 
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Figure 8. — Irrigating plowed ground before planting, to supply moisture for 

sprouting seed. 

steep or of a type that washes badly, a small furrow should be 
used. 

On steep slopes small streams of water should be used to pre- 
vent washing. The length of run should be governed by the type 
of soil. On light soils in which the water percolates very rapidly, 
short runs should be used. As a general rule it is best to avoid 
runs of over 600 or 700 feet because of excess seepage at the upper 
ends of the rows. 

The usual method of applying water by running a small head 
in each furrow is shown in the cover illustration. Figure 12 
shows an adjustable canvas dam that may be used in a head ditch 
to check the flow and raise the water' level. Two or three check 




Figure 9.— Seed pieces in the top row from dry soil; those in the bottom row 
from moist soil. Note the absence of roots on the upper seed pieces. All 
were planted on the same date. 
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Figure 10.— "Irrigrating up" a newly planted field of potatoes. Where the 
rows are short the water is run between all the rows. 

dams are sometimes used if necessary to obtain even distribution 
ol the water in the furrows. 

The production of maximum yields and the quality of the crop 
grown under irrigation depend largely on the proper application 
and use of water. The quality of the crop is not injured by water 
It It IS wisely and properly used. In some districts 3 or 4 applica- 
tions of water may be sufficient to grow a crop, whereas in 
others 5, 6, or even 10 applications may be necessary to produce 
maximum yields. In any district the number will vary from year 
to year with the variation in rainfall and seasonal conditions As 
a result of 14 years of study at Greeley, Colo., it was found that 



Figure 11. — Ditching for iirigation. 
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larger yields were consistently obtained when the proper soil 
moisture was maintained to enable the plants to make a contin- 
uous vigorous growth up to the time the tubers reached full size. 
Frequent light applications of water (2 to 4 acre-inches) were 
better than infrequent heavy ones (4 to 5 acre-inches). 

Owing to the variation in the water-holding capacity of different 
soils and the influence of temperature, rainfall, and other seasonal 
conditions, it is impossible to prescribe the time when the first 
irrigation should be applied, the number of irrigations, or the 
time when the last irrigation should be given, but it is believed 
that the following general rule can be followed with success: 
Apply the first water whenever the plants seem to require it in 
order to make a continuous vigorous growth (fig. 13). After the 
first irrigation the soil should be kept moist by irrigations until the 




Figure 12. — Adjustable canvas check dams used in head ditch to check the 

flow and raise the water level. 



tubers have reached full-size. The ideal condition is to have all the 
soil except the top of the ridge continuously moist. 

On the peat lands of the Delta region at the confluence of the 
San Joaquin and Sacramento Rivers in California, ditches spaced 
60 to 75 feet apart and 24 to 30 inches deep are cut between rows 
of potatoes. These irrigation ditches are connected with a head 
ditch, which receives its supply of water through a head gate or 
siphon direct from the river or canal. The soil is open and porous, 
and when the water is raised in the ditches the water table is ele- 
vated throughout the entire area. When a tract of land has re- 
ceived the proper amount of water, the supply is cut off and the 
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Figure 13. — Plants grown from seed pieces of the Triumph variety planted 
on the same date. The plant on the left was grown in moist soil; that on 
the right in comparatively dry soil. Note early set of tubers developed on 
plant grown in moist soil. 



water level is lowered by pumping the excess water back into the 
river. Some potato lands in the San Luis Valley of Colorado and 
in the Egin Bench district of Fremont and Madison Counties of 
eastern Idaho are irrigated by raising and lowering the Water table 
in much the same manner. 

CULTIVATION 

The chief purpose of cultivation is to kill weeds and aid the sur- 
face absorption of water. To attain these objectives, systems of 
cultivation differ greatly in the different potato districts and also 
within the districts themselves. The practice of using a harrow 
or weeder on the potato field before the plants emerge from the 
soil is gaining in favor. This kills weeds that grow in the row and 
breaks the crust that sometimes forms after rains. The subse- 
quent cultivation of the crop is dependent on whether it is being 
grown under dry-land, humid, or irrigated conditions. Under 
dry-land conditions one or two cultivations are generally sufficient 
and some fields are never cultivated. With soils that are inclined 
to pack and run together under irrigation, the best results are ob- 
tained if a cultivation is given soon after planting. Machine 
planters leave a ridge over the potato row that can be easily 
followed. In some districts this first cultivation is deep. The 
shovels are set to work the soil toward the row, thus forming a 
wide ridge at the row and a ditch midway between the rows. In 
some districts growers do subsurface cultivating soon after 
planting. HAIL INJURY 

Hail injury may cause serious damage to the potato plants 
during the growing season (fig. 14). Hailstorms, generally ac- 
companied by wind and heavy rain, often defoliate the plants and 
break the stems. The recovery of plants and the development of 
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tubers after such injury depend largely on its severity and type. 
Potato plants may be badly injured by hail and still produce a good 
yield if there is sufficient growing time and conditions are favor- 
able for vine growth and tuber development. Healthy vigorous 
plants with well-developed root systems have a much better chance 
of recovery than weak or diseased ones. Wounds on stems caused 
by hail heal quickly, and stems that have been beaten to the 
ground gradually become erect and develop new branches and 
leaves. 

The soil may be worked into good physical condition after the 
plants are injured by hail if this can be done without further 
breaking the stems or otherwise injuring the plants. Other cul- 
tivation should be delayed until the plants become more erect. 
Regular cultural practices should be followed. 

Plants that are badly injured after tubers have formed must 
develop new tops before tuber growth will be resumed. Tubers 
that are partially developed at the time of injury may mature 
without further growth if the plants are badly damaged or they 
may develop second-growth tubers, sprouts, or stolons. The best 
tubers produced after hail injury are generally the small ones that 
would have remained undeveloped under normal conditions. The 
early crop has a better chance of producing a good yield after 
injury than the late one; the latter may not have sufficient time 
before frost to develop fully, and the tubers may be under size at 
the time of harvest. If injury to vines occurs near the normal har- 
vest period, early harvest of the crop is generally advisable. 

HARVESTING AND MARKETING 

In the early producing sections high prices and an active de- 
mand often induce growers to harvest immature or partially 




Figure 14. — Hail injury in a potato field planted June 2. Although severely 
injured by hail on July 13, the plants produced over 400 bushels per acre. 



grown tubers. If these are dug during hot weather they should be 
picked up immediately to prevent sunscald. It may be safer to 
harvest only during the cool part of the day, that is, before 9 or 
10 a.m. and after 4 p.m. Tubers showing any sign of heat necrosis 
should be harvested as soon as the vines begin to ripen. 

In some sections growers undercut potato vines to hasten ma- 
turity (fig. 15) . They claim that undercutting reduces the amount 
of mechanical injury. The cutting is generally done 2 to 5 days 
before digging, the roots of the plants being cut about 2 inches 
below the tubers. Best results are obtained if the soil is not very 
moist; if it is too moist, undercutting will have little immediate 
effect on the plants. If cutting makes the soil very loose, difficulty 
may be experienced in digging. 




Figure 15. — Undercutting potato plants to hasten maturity. A sharp blade 

cuts the roots. 

Killing the tops of the plants by spraying with weed killers to 
hasten maturity is also being tried with some success, but it is 
not a common practice. 

Except for the early crop, potatoes are harvested when the vines 
mature or soon after a killing frost. In most sections harvest be- 
gins about September 25 and lasts about a month. Unless handled 
carefully, immature tubers scar easily and make a poor appear- 
ance on the market. Potatoes should be harvested as carefully as 
possible. Those injured at the time of harvest are likely to be 
attacked by dry or wet rot in storage. The adoption of the picking 
belt whereby potatoes, are placed directly in sacks has done much 
to eliminate rough handling of tubers at the time of harvest (fig. 
16) . The sacks are about half filled and left in the rows. Careful 
handling when loading in the field and emptying in the storage 
cellar is very important. The potatoes should be poured out care- 
fully and never thrown. Men working in the storage cellar should 
not walk on the potatoes but should walk on planks padded under- 
neath. 
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Figure 16. — Picking into sacks saves time and eliminates much bruising. (By 
courtesy of the Colorado Agricultural Experiment Station.) 

Potato diggers have been considerably improved in recent years. 
The wide, low-type digger with the continuous chain has done much 
to eliminate digger injury (fig. 17). Harvesting machines that 
dig and sack the potatoes are used to some extent and may 
become popular in the future. Though there is need for im- 
provement, some of the machines are used with good results 
(fig. 18). 

In most sections a large percentage of the late crop is stored at 
harvest. Throughout the West the crop is marketed chiefly in 
newly branded burlap sacks, but cotton bags of different sizes and 
small cartons are also used. 




Figure 18. — Potato-harvesting machines like this eliminate hand-picking. 
They operate best on light soils. 

In most sections washing potatoes to improve their appearance 
has become a common practice (fig. 19) . 

STORAGE 

The main purposes of storage are to protect potatoes from the 
weather, to keep them in condition to meet the requirements of the 
market for which they are intended, and to avoid as much as pos- 
sible losses from rot or shrinkage. Because it is hardly possible or 
economical for growers to dispose of all their crop at the time of 
harvest, every grower should have some provision for storage. A 
large part of the late crop must be stored on the farm, in trackside 
storage houses, or in warehouses in, the centers of consumption. 

The type of storage house depends largely on the climatic con- 
ditions. In the Mountain States the storage houses are usually 
constructed on a knoll or a hillside, although some types are built 
on level land. They are arranged with an entrance at just one 
end or one at each end. 




Figure 19. — Potato washer. 
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The soil-covered storage cellars or dugouts are practical only in 
sections! of comparatively light rainfall. In parts of Oregon and 
Washington where the v^inters are mild, potatoes are stored in 
pits, farm cellars, trackside storage houses, and various types of 
storage rooms. In the Klamath district of southern Oregon stor- 
age cellars similar to those in the Mountain States are used. 

In recent years an entirely nev^ type of storage has been devel- 
oped, displacing the old-type slatted floors with air moving up 
through the tubers. The new-type construction provides for stor- 
age in bins with solid floors and walls with circulation of air under 
the bins and up the back wall through an air space between the bin 
and the outside wall. This air space provides protection against 
freezing injury. Potatoes are stored to a depth of 6 or 8 feet in 
some of the reconstructed cellars and to 20 feet or more in some 
of the new types (figs. 20 and 21). Some of the storage cellars 
have forced circulation of air automatically controlled. 




Figure 20. — ^New type of farm potato storage house with sheet-metal-covered 
gable roof and deep-bin storage. Entrance at opposite end. (By courtesy 
of the Division of Agricultural Engineering.) 



With the new type of storage, there is less shrinkage and a lower 
temperature can be maintained late in the spring. Cellars that 
provide for storing potatoes 20 feet or more in depth have two 
driveways, one above the other, to facilitate unloading. 

The temperature of the storage cellar should not be lowered for 
2 weeks after the tubers are stored. Injuries heal best if the tem- 
perature remains about 60° F., with high relative humidity. After 
the injuries have healed the temperature should be lowered. For 
the normal storage period, a temperature of 38° to 40° with a 
high relative humidity will be found very satisfactory. Under 
good storage conditions shrinkage from decay and loss of moisture 
should not exceed 5 or 6 percent. 

DRY-LAND PRODUCTION 

Dry-land potato production is of considerable importance in 
some of the Western States, especially Nebraska, Montana, Wyo- 
ming, Colorado, and Idaho. Much of the dry-land crop is grown 
for seed. Foundation seed is also produced largely in t e dry-land 
sections. 
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Many farmers have become very proficient in grov^ing seed; 
their knowledge of potato diseases has been largely responsible 
for the success of the industry. Some State experiment stations 
have developed special strains of potatoes that have been made 
available to seed growers. 

A common practice is to plant potatoes on summer-fallowed land 
or after some cultivated crop such as beans or corn. The success 
of the crop depends largely on the amount of rainfall during the 
growing season and the quantity of moisture stored in the soil 
before planting. Small grain is considered undesirable as a crop 
to precede potatoes because it exhausts practically all available 
soil moisture to a depth of 4 to 6 1/2 feet or more. The best results 
are obtained by storing moisture on summer-fallowed land the 
year preceding the planting of a potato crop. 

Basin listing may be beneficial in dry-land potato growing. This 
method consists of construction of listed furrows in which small 
earthen dams or checks are made at regular intervals during the 
listing operation. Surface runoff is thus prevented. 

Plantings are usually made between June 10 and 20. The rows 
are spaced 42 inches apart with seed pieces spaced 14 to 30 inches 
apart in the row. Level cultivation is practiced in order to con- 
serve the moisture, and only sufficient cultivation is given to kill 
the weeds and maintain a surface mulch. 

In some districts a long rotation is practiced in order to reduce 
losses from soil-borne potato diseases. 

The crop is generally harvested between September 25 and the 
last of October. Special attention should be paid to harvesting 
methods in order to eliminate as much bruising as possible, thus 
reducing the loss from decay following tuber injury. 




Figure 21. — New type of trackside potato storage house with deep-bin storage 
and automatic forced-air circulation under bins and between bins and out- 
side wall. Note drive entrance at two levels to facilitate filling the bins with 
potatoes, (By courtesy of the Division of Agricultural Engineering.) 
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AAAIN PRODUCTION CENTERS AND VARIETIES GROWN 
IN THE VARIOUS STATES 

To aid the reader in acquiring general information relative to 
the potato industry of a given State, it seems desirable to present 
briefly a few important facts regarding potato production in. each 
State. More specific information may be obtained from the State 
agricultural experiment stations, agricultural extension services, 
agricultural colleges, and county agents. 

ARIZONA 

In Arizona, potato production is rather limited. Potatoes are 
produced under dry-land farming and irrigation. The dry-land 
farming is principally in Coconino County, in the northern part 
of the State. The varieties grown are Katahdin, Triumph, and 
Irish Cobbler. Plantings are made in late May, and the crops are 
harvested from September 15 to October 1. 

In the southern part of the State the crop is grown under irri- 
gation. The principal counties are Maricopa, Pinal, Pima, and 
Greenlee. Potatoes are planted from February 15 to March 15 
and are harvested during May and June. The principal varieties 
are Triumph and White Rose, with a small acreage of Katahdin 
and Irish Cobbler. A second or late crop is also gro>wn in this 
area, plantings being made in August and harvested in November. 
Some commercial fertilizers are now being used. 

CALIFORNIA 

The principal potato-producing districts in California are the 
Delta lands of San Joaquin and Contra Costa Counties, sometimes 
referred to as the Stockton district; Kern County, in the south- 
central part of the State; and the Klamath potato district along 
the northern boundary of the State in Siskiyou and Modoc 
Counties. 

Owing to the large area of the State, the planting and harvest- 
ing seasons extend over considerable periods. In the Stockton 
district plantings may be made from late February to the middle 
of June. The early crop is planted in March or April and the late 
crop in May or the early part of June. In Kern County planting 
is done between November and the middle of March. 

A, large part of the land in the Stockton district is below the 
river level. Irrigation water is taken from the river or canal 
through a head gate or a siphon and applied to the land in narrow 
ditches 24 to 30 inches deep, spaced 60 or 75 feet apart ; from these 
the water moves through the soil. The principal varieties grown 
are Burbank and White Rose. 

The elevation of the Kern County district ranges from 350 to 
550 feet above sea level. The rainfall, which occurs between Octo- 
ber 1 and May 1, averages only about 51/2 inches a year, and the 
crop is grown under irrigation. The principal variety is White 
Rose. 

The Klamath potato district has an elevation of 4,035 to 4,200 
feet. The annual rainfall is about 12.5 inches, most of it occur- 
ring between September and June. Irrigation water is obtained 
from Upper Klamath Lake and the Klamath River. Russet Bur- 
bank is the principal variety grown, although small acreages of 
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White Rose, Burbank, and Triumph are also produced. In the 
Klamath district planting is done in April or May and harvest is 
in October. 

In California the application of fertilizer is considered essen- 
tial. In Kern and Riverside Counties ammonium sulfate is applied 
at the rate of 400 to 800 pounds per acre; some phosphate is also 
added to fields constantly planted to potatoes. In the Stockton 
district for old fields 500 to 1,000 pounds of a 10-10-10 
fertilizer and for new or burned-over peat land about the same 
amount of 0-10-10 is used per acre. In the Klamath district 400 
pounds of a 16-20-0 or a 11-48-0 fertilizer is applied per acre. 

COLORADO 

The leading potato-production centers in Colorado are the San 
Luis Valley, in the south-central part; the Greeley district, in the 
northeastern part; the western slope, which includes four coun- 
ties in the Grand, Gunnison, and Uncompahgre Valleys ; and the 
Eagle Valley-Carbondale district. There are also a number of 
smaller districts of minor importance commercially that produce 
a considerable quantity of seed. These are the northeastern Col- 
orado, Divide, San Juan, Moffat, and South Park-Pikes Peak. 
Some excellent seed potatoes are produced in these districts, and 
many are grown without irrigation. 

The leading varieties grown in the San Luis Valley are Red 
McClure, Brown Beauty, Triumph, and Russet Burbank. The 
bulk of the crop is grown under irrigation. In the valleys or on 
the plateaus that are too high for the application of water some 
excellent dry-land seed is produced. In the western-slope valleys 
Rural New Yorker No. 2, Red McClure, Katahdin, and Russet 
Burbank are the leading late varieties, and the Irish Cobbler and 
Triumph are the leading early ones. 

Until 1909 the Greeley district was the largest production center 
in the State. In that year and for several years thereafter an 
unusual, severe, and widespread attack of what probably was 
psyllid yellows nearly ruined the potato industry. During this 
period the San Luis Valley district became the leading center. 
With the subsidence of the disease the Greeley growers increased 
their plantings, but they have not yet returned to their former 
acreage. Triumph, Katahdin, Rural New Yorker No. 2, and 
Pawnee are the leading varieties grown for the late crop and 
Irish Cobbler and Triumph for the early crop. Although most of 
the acreage is under irrigation, some dry-land seed potatoes are 
being produced. 

Application of commercial fertilizer has not become a general 
practice throughout the State. In the Greeley district many 
growers apply 150 to 200 pounds of 6-30-0 fertilizer at time of 
planting. Ammonium sulfate is applied to the early crop as a 
side dressing. Flea beetles and psyllids are the most common 
insect pests in Colorado. 

IDAHO 

Idaho is the largest producer of potatoes in the Western States. 
The acreage has been increased considerably in recent years. The 
largest producing centers are in Bingham, Bonneville, Twin Falls, 
Cassia, Minidoka, and Fremont Counties. Commercial potatoes 
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are also produced to a lesser extent in Jefferson, Madison, Ban- 
nock, Canyon, Jerome, and Gooding Counties; in fact, all along 
the irrigated districts bordering on the Snake River. Idaho soils 
are admirably adapted to potato production, and tubers of excep- 
tionally good quality are produced when proper cultural methods 
are employed. About 95 percent of the potatoes produced are 
Russet Burbank. Other varieties are Charles Downing and Tri- 
umph. Katahdin and Chippewa are grown to some extent in 
northern Idaho. 

The leading seed-producing counties are Fremont, Teton, Lewis, 
Valley, and Bonner, with small districts in Latah, Bannock, Cas- 
sia, Lemhi, and Bonneville. In Lewis, Bonner, and Latah Counties 
in northern Idaho potatoes are grown without irrigation under 
fairly high annual precipitation. In Teton and Valley Counties 
the seed is mostly grown under irrigation, and in Fremont County 
production of seed potatoes is about equally divided between irri- 
gated and dry land. 

It is the common practice of the commercial growers to buy 
certified seed and, by keeping it fairly well isolated from badly 
diseased fields, grow their own seed for the following year. 

Some growers plow under the third cutting of alfalfa in the 
fall previous to planting potatoes. Red clover is also used in 
the crop rotation with satisfactory results except where wire- 
worms are a factor. Many growers on irrigated farms apply 
phosphate. This is generally applied to the hay crop but is bene- 
ficial to potatoes. Nitrogen fertilizers are used, especially on land 
planted to potatoes the second year. 

MONTANA 

Potato production in Montana is not confined to any particular 
part of the State but is spread over a wide area. The important 
centers of production include the Flathead Lake, Bitter Root, Deer 
Lodge, Helena, Milk River, Yellowstone, Sun River, Beaver Head, 
Jefferson, and Gallatin Valleys. Both irrigated and dry-land 
potato growing are practiced. 

Most of the seed used in Montana is produced in the State. 
Seed is also shipped to other sections. Most of the commercial 
districts grow seed as well as table stock. 

The important commercial varieties are Russet Burbank, Tri- 
umph, Irish Cobbler, Katahdin, and White Rose. Russet Burbank 
is grown almost exclusively in the western part of the State, 
whereas Triumph is the principal variety in the eastern part. 

The use of commercial fertilizers, particularly phosphate, has 
been found to be beneficial in many parts of the State, increasing 
both the yield and the quality of the crop. 

NEBRASKA 

Potato growing in high altitudes of northwestern Nebraska is 
included in this bulletin because the cultural conditions there are 
very similar to those in neighboring States to the west. Both 
irrigated and dry-land potato growing are practiced in western 
Nebraska. The North Platte Valley in Scotts Bluff, Sioux, and 
Morrill Counties is the principal irrigated district of the State. 
The other irrigated districts are in Kimball County, where 
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water is supplied both from a storage reservoir and with pumps 
from wells, and in Box Butte County and Lodgepole Valley, where 
pump irrigation is used. 

Planting dates advised are June 10 to 25. Earlier planting is 
discouraged because of the build-up of insect pests. The crop is 
harvested from September 25 to the middle of October. 

The dry-land seed districts are principally in Box Butte, Sheri- 
dan, Dawes, Sioux, Kimball, and Banner Counties. Nebraska 
dry-land seed production was materially decreased from 1934 
to 1937 because of drought, but it is steadily increasing as more 
potatoes are planted on fallowed land. 

The principal variety is Triumph; Irish Cobbler is of minor 
importance. Most of the late-maturing varieties have been elimi- 
nated; however, Katahdin is grown to some extent in the North 
Platte Valley. Nebraska has developed five distinct strains of 
Triumph that differ in time of ripening. A midseason strain is 
grown mostly in the irrigated district and also in the dry-land 
territory. The late strains produce not only larger yields but also 
larger percentages of rough tubers and are not considered as 
desirable as the early strains that yield a high percentage of 
smooth tubers. Attempts are being made to grow Red Warba 
and Kasota for seed. 

The flea beetle is the most serious pest. Sprays have been used 
for its control, but at present dusts appear to be replacing them. 

NEVADA 

According to the 1940 census report, Nevada produced 1,977 
acres of potatoes under irrigation, a decrease in acreage from that 
given in the 1930 report. The largest acreage is produced in Lyon 
and Washoe Counties. Large areas of the Newlands reclamation 
project and of Mason Valley are said to be well adapted to potato 
culture. The crop is generally planted froni May 15 to June 1. 
Russet Burbank is the leading variety. 

Potato production in Nevada is now limited by the wide distri- 
bution of small acreages which makes marketing difficult; the 
location of the growing areas is more responsible for lack of de- 
velopment of the industry than are limitations of soil and climate. 

NEW MEXICO 

The potato crop of New Mexico is of comparatively little com- 
mercial importance. The principal potato-growing districts are the 
San Juan, House, Bluewater, Deming, Virden, middle Rio Grande, 
and Mesilla ones. In the southern part of the State potatoes 
are planted from February 20 to March 15; in the central part 
from April 1 to 15 ; and in the northern part and at higher alti- 
tudes from May 1 to 15. 

The principal varieties are Irish Cobbler, Triumph, White Rose, 
and Red McClure. Pontiac and Katahdin are gaining in im- 
portance. 

In southern New Mexico psyllid and leafhopper are the most 
destructive insects. In addition to these pests the flea beetle causes 
some damage in the northern areas. Early blight is also a major 
problem. 
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OREGON 

Oregon has two very distinct types of climatic conditions, the 
western part of the State having a rainfall of about 40 inches and 
the eastern half less than 14 inches. Both parts have dry summers. 

The largest production centers are central Oregon, including 
Crook, Deschutes, Klamath, and Lake Counties; Willamette Val- 
ley, Malheur, and Blue Mountain districts. The central Oregon 
district grows about 20,000 acres of potatoes annually, of which 
Klamath produces 10,000 acres. Russet Burbank is the only va- 
riety of commercial importance grown in the district. The entire 
acreage is irrigated. Two main-crop rotations are used ; the first 
is alfalfa for 5 or 6 years, followed by 3 yeara of potatoes; the 
second is grain, alsike clover 2 years, and potatoes 2 years. Vari- 
ous fertilizers are used, but the most common one is 16-20-0. 

The main potato acreage in the Willamette Valley district is 
in the northern end, which includes Washington, Multnomah, 
Clackamas, and Marion Counties. Burbank is the leading variety, 
but market gardeners near Portland produce many other varieties 
in local demand. In recent years a seed industry of 1,000 to 2,000 
acres annually of White Rose has been developed for shipment to 
California. Practically all of the Willamette Valley is nonirri- 
gated, and many different crop rotations are followed. About half 
of the potatoes are planted in February and March for the early 
market and half in late June or July for the late crop. 

The Malheur district, in the extreme southeastern part of the 
State, produces mostly early potatoes that are shipped in July. 
Triumph and White Rose are the principal varieties. 

In the Blue Mountain district under limited rainfall some dry- 
land seed potatoes are grown. 

UTAH 

Utah produces some early, midseason, and late potatoes. Box 
Elder, Weber, Davis, and Cache Counties lead in the production 
of early and midseason potatoes. The principal varieties grown 
are Irish Cobbler and Triumph. The late crop is principally pro- 
duced in Cache, Box Elder, Sevier, Millard, Piute, Garfield, and 
Iron Counties. Russet Burbank and Triumph are the leading 
varieties grown for the late crop. Seed potatoes are produced in 
the high mountain valleys surrounding the areas of commercial 
production. A limited amount of seed is shipped in from other 

WASHINGTON 

The climatic conditions of Washington are very similar to those 
of Oregon, in that the western part of the State is humid and the 
eastern part semiarid, the rainfall of eastern Washington being 
somewhat heavier than that of eastern Oregon. The largest potato- 
producing counties are Yakima, Spokane, Kittitas, Benton, and 
Clark. Yakima and Kittitas Counties produce over one-half of 
the total for the State. Russet Burbank is the leading commercial 
variety in Washington. 

Early potatoes are produced in Yakima, Benton, Franklin, and 
Walla Walla Counties. Irish Cobbler and Triumph are grown 
mostly for the early crop. 

Seed potatoes are grown principally in Skagit, Snohomish, and 
Whatcom Counties in the western part of the State and in Kittitas, 
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Spokane, Pend Oreille, and Whitman Counties in eastern Wash- 
ington. 

' In the irrigated districts the f ollofwing crop rotation is in gen- 
eral use : Wheat, oats, or corn, 1 year ; alfalfa, 2 to 4 years ; pota- 
toes, 1 to 2 years. 

The early crop is planted in March and April in the coastal dis- 
tricty in late March and April in the central, and in April in the 
eastern part of the State. The late crop is planted in May and 
June in the western part of the State, in May to late June in the 
central part, and in late May to the middle of June in eastern 
Washington. 

In the western part of the State 500 to 1,000 pounds of 3-10-7 
fertilizer is applied per acre on valley soils and 5-10-10 on hill 
soils. In central and eastern Washington, where alfalfa does not 
precede potatoes, 8 to 10 tons of manure and 100 pounds of treble 
superphosphate per acre are applied. Without alfalfa or manure 
S50 to 450 pounds of ammonium sulfate and 150 pounds of treble 
superphosphate per acre are broadcast before plowing. 

In the irrigated district a common practice is to make two appli- 
cations of ammonium sulfate as side dressings, the first when 
the plants are about 6 inches high and the second when they 
begin to bloom. 

In western Washington, where the temperature seldom falls 
much below freezing, potatoes are stored in barns or sheds; in 
the eastern part of the State they are stored in pits, dugout cellars, 
and various types of storage rooms. 

WYOMING 

The potato-producing areas in Wyoming range in altitude from 
4,000 to 8,000 feet. Potatoes are grown under both irrigated and 
dry-land conditions. The dry-land potato districts have an annual 
rainfall of approximately 15 inches. 

The principal centers of production are Goshen, Laramie, Fre- 
mont, Park, and Sheridan Counties. Goshen County has the 
largest irrigated potato acreage, whereas Laramie County has the 
largest dry-land acreage. Potato production is increasing in sev- 
eral districts recently brought under irrigation. 

Triumph is the principal variety grown. Irish Cobbler, Russet 
Rural, Rural New Yorker No. 2, Red McClure, Russet Burbank, 
and Katahdin are also grown. Many of the potatoes grown in 
Wyoming are sold for seed. 

DISEASES AND THEIR CONTROL ^ 

Diseases of potatoes and their control in the Western States dif- 
fer in some respects from those of the East and South, partly be- 
cause the weather and soil conditions differ from those of the more 
humid areas. Several diseases are peculiar to the West, and these 
sometimes assume epidemic proportions. The most common and 
serious diseases of potatoes in the Western States are here de- 
scribed, ^jl^yj VIRUSLIKE DISEASES 

The virus diseases spindle tuber, leaf roll, rugose mosaic, and 
mild mosaic are sometimes serious in the Western States. In ad- 

1 Adapted for western conditions largely from Farmers* Bulletin 1881, Potato Diseases and 
Their Control. 
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dition several viruslike diseases occur in the West. Plants affected 
with virus diseases form tubers which produce diseased plants. 
Thus, in the production of seed potatoes, it is very important that 
all diseased plants be removed from the fields as soon as they 
show symptoms. In most of the Western States one obstacle to 
the elimination of mosaic is the difficulty of seeing the mosaic 
symptoms, which are masked under high temperatures. Virus 
diseases of potatoes are spread mainly by insects, especially 
aphids, which transmit them from infected to healthy plants. It is 
therefore important that seed stocks be isolated and aphids con- 
trolled. Mild Mosaic 

Mild mosaic, which is common in all potato-growing districts, is 
one of the most difficult to recognize in the Western States where 
bright sunlight and high temperatures prevail. Prolonged dry 
spells with high temperatures often make it almost impossible to 
detect this disease, but cloudy days aid greatly in observing it. 
Mild mosaic can be recognized by a mottling in thei green of the 
leaf in which lighter green or yellowish areas alternate with the 
normal green. The mottling is often accompanied by a slight 
crinkling of the leaves (fig. 22). Diseased plants often die pre- 
maturely. 

The best way to avoid mild mosaic is to select tubers from 
healthy plants. An isolated seed plot grown from seed planted in 
tuber units aids greatly in eliminating this disease. It is not un- 
common for a plant from one part of a tuber to show mild mosaic 
symptoms unmistakably and for plants from the remainder of 
the tuber to appear healthy. When one or more plants from a 
tuber show the disease all should be removed. The United States 
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Figure 22. — Leaflets from a Green Mountain plant affected with mild mosaic. 
Note the light (yellow) patches interspersed with the normal green of the 
leaves. 
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Department of Agriculture and cooperating States have developed 
and introduced the varieties Katahdin, Chippewa, Houma, Sebago, 
and Earlaine, which do not contract the disease in the field. 

Rugose Mosaic 

Rugose mosaic, a more serious disease than mild mosaic, is more 
readily observed. The mottled areas are smaller, more numerous, 
and usually closer to the veins than those of mild mosaic. The mot- 
tling may be masked under high-temperature conditions, but the 
crinkling of the leaves, which is not masked, aids in identification. 
The veins on the under side of the lower leaves often show ne- 
crotic areas as black pencillike lines. Most infected plants are 
stunted and die prematurely. Yellowing and subsequent dropping 
of the lower leaves are symptoms of current-season infection 
(fig. 23). If infection occurs late in the growing season, typical 




Figure 23. — Current-season symptoms of rugose mosaic. Tubers from 
affected plants produce typical rugose mosaic plants. 



symptoms may not appear, but the tubers will carry the disease. 
Aphids spread the disease from infected to healthy plants. Most 
successful control depends upon careful roguing, starting when 
the plants are 2 to 3 inches high, and repeated once every 7 to 10 
days until midseason. No potato varieties have been found im- 
mune from this disease, but some varieties, such as Chippewa and 
Katahdin, contract this disease less easily than others. 

Leaf Roil 

The name "leaf roll" is indicative of the main symptom of the 
disease. The first symptoms usually are noticeable about a month 
after the plants appear above ground, but the time may vary with 
the variety. The leaflets of the lower leaves roll up at the edges 
and become leathery. As the plant grows, a similar rolling usually 
appears on progressively higher leaves until practically the whole 
plant is affected (fig. 24). The rolled leaves are lighter in color 

30 



than healthy ones and 
become brittle. A red- 
dish or purple discol- 
oration of the under 
side of the leaves of 
some varieties is also 
characteristic. 

Net necrosis is a 
symptom of leaf roll 
of certain varieties 
and appears in tubers 
that become infected 
during the current sea- 
son. It is a network 
of brown strands of 
tissue that extend 




throughout the stem- Figure 24.— A plant of the Burbank variety 
end tissue of the tuber. affected Avith leaf roll. 

The tubers are small but usually of normal shape, and the yield 
is often reduced by half. 

The disease is readily and rapidly spread by aphids. Only cer- 
tified seed stock' from plantings known to be free from leaf roll 
should be used. Growers of certified seed are giving careful atten- 
tion to leaf roll, and dependable certified seed is good insurance 
against this disease. sp\nd\^ Tuber 

The name "spindle tuber" characterizes the tuber symptom of 
the disease. Affected tubers of most varieties are spindle-shaped 
(fig. 25) ; the eyes are shallower and more numerous than normal. 
Affected tubers of Triumph are longer than normal and usually 
lighter in color, but they are not always spindle-shaped. Diseased 




Figure 25. — Potatoes affected with spindle tuber, 
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plants are very conspicuous, being more erect and spindling and 
having darker green foliage than healthy ones. The symptoms are 
more evident at high temperatures. 

This disease is very common in the v^estern potato-grov^ing sec- 
tions. It causes a marked reduction in yield, and in severe cases 
the tubers may be so ill-shaped as to be of low commercial grade. 
Certain insects, such as grasshoppers, flea beetles, tarnished plant 
bugs, and Colorado potato beetles, readily transmit the disease. 
Cutting knives and picker-planters also spread it. Control can 
be accomplished by the use of good certified seed and the early 
roguing of tuber-unit seed plots. 

Calico 

Calico, one of the mosaic diseases, is common in potato fields but 
frequently appears on isolated plants. It is characterized by large, 
irregular yellow to cream-colored areas on the leaves. These yel- 
low areas are devoid of chlorophyll. A large part of the leaf 
surface may be affected. The disease appears to be systemic, as 
in most cases all tubers from an infected hill will produce plants 
showing the calico symptoms. Roguing affected plants during the 
growing season effectively controls the disease. 

Witches' -Broom 

Witches'-broom is not common and seems to be confined pri- 
marily to some of the Northwestern States. A diseased plant pro- 
duces many slender, spindly sprouts, none of which appear normal. 
The leaves are usually small and velvety. Infected plants seldom 
grow taller than 9 inches (fig. 26) and produce many small pota- 
toes. Affected tubers often produce a large number of spindling 
sprouts. How this disease is spread is unknown. It can be con- 
trolled by roguing and by selection of seed tubers from healthy stock. 




Figure 26. — Plants of tlie Triumph variety: A, Plant affected with witches'- 
broom; By healthy plant. The affected plant is typical of those from badly 
diseased tubers, 
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Figure 27.— Haywire on Triumph potato plants. Note the severe dwarfing 
and the rosette appearance. (By courtesy of the Nebraska Agricultural 
Experiment Station.) 

Haywire 

Haywire is a disease that appears very similar to leaf roll and 
psyllid yellows, and in some cases the symptoms may easily be 
mistaken for rhizoetonia injury. It has been found for years in 
Nebraska and Colorado. It seems to be limited to the Western 
States and is usually more serious in the high mountain valleys 
and in the high plateau areas. It does not appear to increase rap- 
idly and usually is found on isolated plants in a field. It may 
assume major importance, since as many as 20 percent of the 
plants have been found affected. The disease is characterized by 
two types of symptoms: (1) Dwarfing and curling of plants at 
the time of emergence and (2) curling and yellowing of the top 
leaves about midseason. When symptoms appear at time of emer- 
gence the plant is badly dwarfed and curled and never produces 
sizable tubers (fig. 27). They weigh less than V2 ounce and are 
set close to the stem at the soil line. When symptoms appear at 
about midseason 1- to 2-ounce tubers will sometimes develop. 
These will often show net necrosis and seldom sprout. Both- types 
of symptoms are characterized by a purple discoloration of the 
margins of leaves, petioles, and stems and by swollen nodes. 

All evidence indicates that a virus causes this disease and that 
some insect is responsible for its transmission. Plants showing 
haywire symptoms should be removed from the field as soon as 

detected. Psyllicf Yellows 

Psyllid yellows is peculiar to the western part of the United 
States. It is most serious in Colorado, Wyoming, western Ne- 
braska, New Mexico, and Utah. In Colorado this disease often 
assumes epidemic proportions; during 1930 and 1931 it practically 
eliminated the early-crop potatoes in several districts. 

Psyllid yellows is caused by a toxic substance introduced by the 
nymphs of the potato and tomato psyllid (p. 55) during feeding. 
The nature of the toxic substance is not known ; apparently adult 
insects are not able to cause psyllid yellows. The disease is virus- 
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like in that it is systemic mi causes a complete upset in the metab- 
olism of the plant. 

The first symptoms appear as a marginal yellowing and an up- 
ward rolling of the basal portion of the smaller leaflets on the 
young leaves of affected plants. The color of the rolled leaves is 
determined by the pigments of the affected variety. Some show 
a purpling and others a reddish yellowing. In general, the yellow 
color is typical. The older leaves of an affected plant roll upward 
over the midrib, and it is then that the whole plant appears reddish 
yellow or purplish. Buds above and below ground are stimulated 




Figure 28.— Plants of Irish Cobbler variety. A, Plants exhibiting- pyramidal 
shape characterisMe of psyllid yellows and secondary growths of curled 
leaves at tips of branches* As shown, the older leaves roll upward. They 
finally die, leaving only tl^ secondary leaves attached to the primary stems. 
B, a, Plant affected with psyllid yellows; b, healthy plant. Leaf rolling is 
pronounced, and there are aerial tubers in the axils of the leaves. The 
disease was produced by placing 50 nymphs of the potato psyllid on a plant 
under a celluloid cage. 




Figure 29. — Underground portion of a Triumph plant affected with psyllid 
yellows. One stolon developed directly into a new shoot. Others gave rise 
to secondary stolons or tubers at their nodes. A diseased plant of this type 
may produce from 50 to 150 tubers. At the time it was dug, this plant had 
46 tubers already set. 

into activity. Above ground the axillary buds may develop into 
stalky shoots that frequently branch and give the plant a com- 
pact and pyramidal shape (fig. 28). In some cases the axillary 
buds develop into aerial tubers. In the later stages of the disease 
many aerial tubers are formed. 

Tuber set is greatly stimulated, and as many as 100 tubers may 
be found under a seriously affected plant. Several tubers may 
develop along a single stolon, and numerous small tubers result 
(fig. 29). In practically every case v^here psyllids feed on plants 
before tubers have set, a large number of small unmarketable 
tubers result ; if left in the ground, many of these will sprout and 
produce plants before the mother plant is dead. Plants grown 
from diseased tubers will be smaller and less vigorous than nor- 
mal, but they will not show the rolling or other symptoms of 
psyllid yellows. 

Psyllid yellows can be efficiently controlled by spraying with 1 
to 40 lime-sulfur or by dusting with sulfur. The presence or ab- 
sence of the adult psyllids determines in most cases the time to 
make the first application of spray or dust. In general, the plants 
should be sprayed or dusted when they are 4 to 6 inches high. It 
is essential that all surfaces of the plant be covered. Thorough 
coverage with the spray can be most easily accomplished when the 
plants are small. Because the insects lay their eggs on the lower 
side of the lowermost leaves, it is difficult to control this insect 
by using many types of spray equipment. A pressure of 400 to 
600 pounds is desirable, with the nozzles so placed that the spray 
can be directed down in the row and upward from near the base of 
the plant from both sides of the row. The side nozzles are so 
adjusted that they are slightly offset, and the resultant spray tends 
to cause a swirling motion. This makes it possible to cover all 
surfaces of the plants. The number of sprays or dusts required 
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differs with the seriousness of the infestation. Usually three 
sprays 7 to 10 days apart are required, and often a fourth or fifth 
is required if the disease appears in epidemic form. The use of 
sulfur dust for control of psyllid yellows is gaining in favor with 
the growers, and when it is possible to effect a complete coverage 
of the plant good control has been obtained. Ideal conditions for 
dusting are not common in the West, and dusting equipment has 
not been thoroughly tested. 

Varieties of potatoes that are resistant to psyllid yellows have 
been developed, but up to the present time none that are commer- 
cially desirable have been found. When grown in small garden 
plots with a relatively high population of psyllids, these resistant 
varieties will produce fairly normal tubers without spraying or 
dusting. None, however, will produce sizable tubers when the 
psyllid population is extremely high. New seedlings are being 
tested, and it is possible that commercially desirable psyllid- 
resistant varieties will be found. 

Purple -Top Wilt 

Though rarely seen in the West, purple-top wilt has been found 
as far west as Minnesota, North Dakota, and South Dakota. Ex- 
periments conducted in Minnesota, New York, and West Virginia 
seem to indicate that the disease is due to the virus that causes 
aster yellows and that it is carried by the leafhopper Macrosteles 
divisus (Uhl.). During the advanced stages the above-ground 
symptoms of this disease resemble those of psyllid yellows. The 
tuber symptoms are distinctly different. In purple-top wilt there 
is no abnormal stimulation of tuber set as in psyllid yellows, and in 

the advanced stages 
the plants affected 
with purple-top wilt 
die rapidly. This is 
not the case with psyl- 
lid yellows. 

The first symptoms 
appear at the apex of 
the plant, the young 
leaves do not grow 
normally, and the leaf- 
lets roll upwards. In 
varieties with red pig- 
ment the coloration is 
accentuated, the red- 
dish-purple color being 
especially prominent 
on the stems of dis- 
eased plants. Potato 
varieties lacking pig- 
ments do not show the 
purple color but often 
assume a light-green 
or yellowish cast. 
Often an abnormal 
number of axillary 
shoots develop and 




Figure 30. — Shoots of the Chippewa variety show- 
ing symptoms of purple-top wilt. Some of the 
leaves have been removed to show swollen stems 
of axillary shoots. (By courtesy of the West 
Virginia Agricultural Experiment Station.) 
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eventually show the symptoms just mentioned. These axillary 
shoots become swollen at the base, often forming distinct aerial 
tubers (fig. 30). The vascular tissue of the stems turns brown at 
the time the foliage symptoms appear. These brown bundles usu- 
ally extend well into the stolons. The plants wilt within 2 weeks 
after symptoms appear and death may soon occur. When affected 
plants are killed by frost the stems usually turn black. 

An internal necrosis of the tubers is typical of the disease in 
Rural New Yorker No. 2 variety in West Virginia but may be 
absent on that and other varieties in Minnesota and other States. 
Occasionally tubers from diseased plants are flabby. 

So far as known, the disease is not transmitted through the 
tubers, but tuber progeny of plants affected with purple-top wilt 
are less vigorous than those of healthy plants. Because tubers 
from diseased plants produce spindling sprouts, most of the 
affected ones can be detected if they are allowed to sprout before 
planting. 

DISEASES DUE TO NONPARASITIC CAUSES 

Diseases due to nonparasitic causes include those that are ap- 
parently related to unfavorable environmental conditions and are 
not known to be caused by any virus, fungus, bacterium, or insect. 

Internal Brown Spot 

Internal brown spot is common in potato tubers during certain 
seasons. It is characterized by dry brown spots scattered through 
the flesh of the tuber and not restricted to the water vessels (fig. 
31). These brown spots are dead cells free from bacteria and 
fungi. No definite foliage trouble has been associated with this 
disease. There is some evidence that a lack of available moisture 
near the end of the growing season may contribute to the trouble. 
Affected tubers should not be used for seed, as they may produce 
weak plants. 

Sunburn ond Sunscald 

Sunburn and 
sunscald are 
caused by the 
exposure of 
tubers to the 
sun during 
growth or 
after digging, 
either in the 
field or in 
transit or stor- 
age. 

Sunburn, or 
greening, re- 
sults from ex- 
posure to light 
and does not 
involve the kill- 
ing of the af- 
fected tissues. 

8f 




Figure 31. — Internal brown spot on potatOi 



Frequently the exposure to sunlight and to the resulting high 
temperatures leads to the killing of the cells. This is known as 
sunscald. Often the affected tubers become watery and turn 
brown throughout or at least to a considerable depth. In other 
cases freshly scalded areas have a blisterlike appearance exter- 
nally and a metallic color, the underlying tissues being rather 
watery. Such areas may dry out and appear chalky and granular 
or hard and leathery. Most frequently, however, they are attacked 
by bacteria that cause foul-smelling rots or by the fungus that 
causes leak. 

The only possible control of sunburn and sunscald is to prevent 
the prolonged exposure of tubers to the sun. 

Heat and Drought Necrosis 

Heat and drought necrosis is rather common in the light sandy 
soils of the West. In Idaho and Colorado this condition is common 
when tubers are allowed to remain in the hot soil after the vines 
have died. It is characterized by a yellowish-brown discoloration 
of the water vessels of the affected tubers and is most noticeable 
in the tissues near the ends of the tuber. Sometimes the whole 
interior of the tuber is involved. The white-skinned varieties are 
more susceptible than the red. Control cjonsists mainly in keeping 
the soil moist and cool and digging the tubers as soon as the tops 
start to die. 

Spindling Sprout (Nontransmissible) 

Spindling sprout, or hair sprout, is characterized by abnormally 
slender and feeble sprouts (fig. 32). These indicate a constitu- 
tional weakness of the tuber. When the disease is a nontransmis- 




FiGURE 32. — ^Spindling sprout (nontransmissible) on White Rose tuber (left) 
and healthy control tuber (right) ; kept in storage for 12 months. 
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sible type, some of the sprouts have a diameter about one-half to 
one-fourth that of normal ones ; when the seed pieces bearing them 
are planted the resulting plants develop small tubers weighing an 
ounce or less. Experiments carried out in Maine showed that 
when these small tubers are planted they form stocky, vigorous 
shoots and develop normal tubers weighing from 5 to 7 ounces. 
When healthy tubers were grafted with plugs from spindling 
sprout tubers spindling sprout was not transmitted. Spindling 
sprouts similar in appearance may be due to witches'-broom or 
leaf roll. Such sprouts should not be confused with sprouts having 
the nontransmissible type of the disease. 

Presprouting has been recommended as a method to determine 
whether or not spindling sprout is present in seed lots coming 
from districts where this trouble has been prevalent in the past. 

Blackheart 

Blackheart is a result of asphyxiation of the tissues of the potato 
tuber. It occurs when the temperature is too high, when ventila- 
tion is so poor that the supply of oxygen is inadequate, or under 
various combinations of such conditions. 

The symptoms of blackheart vary, depending upon whether the 
uninjured tubers were exposed to high temperature and a normal 
air supply or to high, low, or normal temperatures with an insuffi- 
cient air supply. Asphyxiated tissues are easily invaded by bac- 
teria and fungi. These cause various forms of watery or slimy 
decay, which soon hide the typical blackheart symptoms. 

The external symptoms of blackheart are moist areas on the 
surface, which may be purplish at first but turn brown or black 
within a short time. The internal symptom is a dark-grayish to 
purplish or inky-black discoloration (fig. 33). Tissues cut soon 
after injury are of normal color; shortly after access to the air, 
however, they turn pink, then gray or purplish, and finally jet 
black. Sometimes all colors, save the pink, are found simultane- 
ously in the same tuber. At other times only gray or brown is 
found; such is the( case when tubers are heated above 130° F. or 
when they are deprived of all oxygen for considerable periods after 
death, as in waterlogged soils or in flooded storage pits. 

The discolored ^ 
areas are usually set 
off sharply from the 
healthy tissues. Gen- 
erally the discolora- 
tion is restricted to 
the heart of the tu- 
ber, but frequently it 
radiates to the exte- 
rior as well. The dis- 
coloration may ap- 
pear in zones in the 
outer parts of the 
tuber and be absent 
or less evident in the 
center. The affected 

tissues are firm and Figure 33.~A potato showing blackheart. 
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even leathery if they 
have dried a little, 
quite unlike those 
affected with leak, 
which frequently 
show colors similar 
to those of black- 
heart. In advanced 
stages the affected 
tissues dry out and 
cavities result. 

„ , . , , , Control involves 

Figure 34. — A potato showing hollow heart. avoidance of high 

storage temperatures and provision for good ventilation, as tubers 
will not develop blackheart at temperatures below 95° F. if there 
is a good supply of air. The temperatures in heated cars should 
not be allowed to go above 60"" or 70''. To prevent a shortage of 
oxygen, tubers should not be stored in solid piles more than 6 feet 
deep, even at low temperatures. They should not be left long in 
hot, light soils after the vines are dead; nor should they be left 
lying on the surface after being dug during hot weather. 

Hollow Heart 

Hollow heart consists of a more or less irregular cavity in the 
center of the tuber, usually without any discoloration of the sur- 
rounding tissues, though occasionally the adjacent cells assume a 
brownish corky appearance (fig. 34). This abnormal condition is 
confined commonly to the large tubers and occurs mainly in sea- 
sons or under conditions favorable for rapid growth. Hollow 
heart is not a decay and has no effect on the succeeding crop, but 
affected stock is undesirable for eating. 

On soils where the trouble is apt to appear, it can be very 
largely, if not entirely, avoided by closer spacing of the plants. 
Such spacing will prevent such rapid and uneven growth 

of the tubers and 
the tendency of the 
tubers to split in- 
ternally. 

Enlarged Lenticels 

Enlarged lenticels 
occur when potato 
tubers are left for 
some time in very 
wet soil or are 
stored in a very 
moist atmosphere. 
A large number of 
scablike openings 
appear in the skin. 
They look as if 
pushed out from be- 
low and frequently 
-A potato with abnormally enlar^d assume a COrky ap- 

lenticels. pearance later (fig. 




Figure 35.- 
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35). This condition is merely the result of an excessive develop- 
ment of the natural pores, or lenticels, which ordinarily appear as 
inconspicuous slits on the surface of the tuber. No damage is done 
except from the standpoint of appearance. 

Second Growth (Knobby Tubers) 

Some varieties, especially those having long tubers, are more 
inclined to second growth and knobbiness than others. This con- 
dition often develops as a result of dry weather prevailing during 
midseason and followed by a rainy spell ; tuber growth temporarily 
ceases during dry weather and is resumed after a rain. This 
causes an abnormal growth response, and knobs appear at various 
parts of the tuber (fig. 36). This trouble may also result from 
irregular irrigation. 




Figure 36. — A potato showing second growth. Note pointed end and knobs. 



Frost or Freezing Necrosis 

Freezing injury occurs when potato tubers are exposed to freez- 
ing temperatures and ice is formed in the tissues. The symptoms 
are general and are readily apparent externally. When potato 
tubers are subject to temperatures varying slightly above or be- 
low the freezing point, the symptoms are often localized internally 
and are noticeable only upon cutting. These symptoms are usually 
the result of prolonged temperatures slightly above 32° F. The 
critical temperature, that is, the temperature at which ice begins 
to form, lies between 29.5° and 26.6°. 

Tissues killed by freezing present a wet appearance upon thaw- 
ing and usually become infected with bacteria, which cause a wet 
slimy rot if thawing occurs in a warm, humid atmosphere. If 
thawing occurs slowly in cool, dry air the frozen tissues may dry 
to a mealy or to a tough, leathery, chalky mass. Often fungi, such 
as species of Fusarium, invade the frozen tissue. 

Freezing necrosis, or frost injury, that is apparent only when 
the tuber is cut is marked by several types of internal discolora- 
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tion. The ring type is 
limited to the vascular 
ring and immediately 
adjoining tissues; the 
net type is marked by 
a blackening of the 
vascular tissues and 
the fine strands that 
extend into t*he inte- 
rior pith (fig. 37) ; the 
blotchy type is marked 
by irregular patches, 
ranging in color from 
opaque gray or blue to 
sooty black and in 
some cases a reddish purple, which may occur everywhere in the 
tuber. Individual tuber reaction to freezing necrosis varies, and 
it is not possible to forecast the critical temperature for particular 
tubers. 

Although some tubers showing only light freezing necrosis may 
produce healthy plants, usually it is not advisable to plant those 
showing freezing necrosis. To prevent freezing injury, tubers 
should not be exposed to temperatures below 32° F. 

DISEASES CAUSED BY FUNGI AND BACTERIA 
Common Scab 

Common scab is caused by an organism (Actinomyces scabies 
(Thaxt.) Gussow) that lives in the soil and infects potato tubers. 
This organism may live and increase either on growing tubers or 
on dead organic matter in the soil. There are a great many varie- 
ties or races of the organism, and a given race may not cause the 
same type of pustule on all potato varieties. In most soils several 
races may be present, and all varieties that are not highly resistant 
may become infected with one or more races of the scab organism. 
Common scab lesions vary in type from deep to shallow or even 
raised forms (fig. 38). 




Figure 37. — A potato showing frost or freezing 
necrosis. 




Figure 38.— A potato tuber showing severe infection with common scab. 
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Most soils harbor the scab organism, and it is not fully known 
why usually susceptible varieties of potatoes do not scab in some 
soils that are normally considered favorable for scab. Some fac- 
tors, such as alkalinity, degree of aeration, and below optimum 
moisture of soil favor scab infection. In peat soils where aeration 
is good even if the soil is wet, scab is often serious. The high- 
lime, or alkaline, peat soils often produce severely scabbed tubers. 

Scab is often serious in western soils, which are usually alkaline, 
and it may also do damage in soils that are slightly or weakly acid. 
Some races of the organism are tolerant of highly acid soils and 
others of highly alkaline ones. In a normally alkaline soil scab 
may be reduced by making the soil acid, but no workable method 
of acidifying highly alkaline soil has been found. Sulfur has been 
used for this purpose with only partial success. In a very few 
cases the addition of sulfur to alkaline soil has reduced scab infec- 
tion materially. The acidifying power of sulfur varies greatly 
with the amount of alkaline salts present and the moisture content 
of the soil. Most western soils contain a large amount of alkaline 
salts, and the amount of sulfur required to acidify them would be 
very great. It is quite probable that such acidification would be 
too expensive. Moreover, large quantities of sulfur may cause 
root damage. 

Seed treatment (p. 5) is not wholly effective for the control 
of scab. Because the organism causing the disease normally lives 
in the soil, clean seed planted in infested soil often produces tubers 
as scabby as those from scabby seed. Seed treatment, however, 
tends to prevent the introduction of new races of the scab organ- 
ism. If tubers are free from scab the most probable reasons are 
certain chemical, physical, or biological factors that act singly or 
together to prevent the scab organism from infecting them. These 
factors are not known, and even if they were it is doubtful if they 
could be controlled or altered to make an environment unfavorable 
for the scab organism. 

Control of common scab by rotation has not been successful. 
However, there is a tendency for scab infection to become more 
severe when potatoes are grown for several years in the same soil. 
Scab infection may be heavy on tubers grown in soil in which 
potatoes have never been grown before. 

Extensive research on the development of potato varieties that 
are resistant to common scab is being conducted by the United- 
States Department of Agriculture and several cooperating States. 
Many scab-resistant seedling varieties have been tested, and 
though several have been found to be highly resistant to scab, 
only one, Menominee, recently introduced by the United States 
Department of Agriculture and the State of Michigan, has been 
named. Several others that are highly resistant and highly pro- 
ductive in Colorado are being tested. These new scab-resistant 
varieties will no doubt vary in their resistance in different sec- 
tions of the country and may also vary in adaptability ; therefore, 
it may be necessary to develop scab-resistant varieties that are 
adapted to growing in a limited area only. The scab that will be 
found on these new resistant varieties will be the shallow surface 
type; consumers should not discriminate against such affected 
tuberii. 
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Figure 39.— Potatoes affected with leak. 
Leak 

Leak, caused by a fungus known as Pythium ultimum Trow is a 
tuber rot characterized by the watery nature of the affected tis- 
sues. The water is usually held by disintegrated tissues, but when 
pressure is applied a yellowish to brown liquid is given off Ex- 
ternally the tuber may show discoloration ranging from metallic 
gray in the red varieties to brown in the white and dark-skinned 
varieties (fig 39). Internally the affected tissues are at first 
creamy but they soon turn reddish, then brown, and finally black 

Intection occurs in the field, where the causal organism lives as 
a soil tungus and usually develops in hot weather through wounds 
sunburn, or scald. In several sections of the West early-crop 
potatoes are harvested during high-temperature periods, and it 
is here that care m handling should be exercised. Control consists 
mainly in keeping the tubers free from injury and dry and cool 
during the harvesting operation. 

Jelly- End Rot 

Jelly-end rot, which is caused by a species of Fusarium, gives 
the affected parts of the potato tuber a jellylike consistency It 
is most prevalent on the Pacific coast and most common on the 
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long varieties such as Russet Burbank. The stem end of the tuber 
is generally affected, and the rot may vary from a slightly with- 
ered condition to a jellylike light-brown rot, involving one-third of 
the stem end. In storage the disease does not progress, and the 
affected part will often dry up with a sharp line of demarcation 
between the healthy and the diseased tissue (fig. 40). 

No definite measures for the control of jelly-end rot can be rec- 
ommended, but the maintenance of a uniform and adequate supply 
of soil moisture throughout the season may be of some help. 




Figure 40. — Pointed-end Russet Burbank potato affected with jeHy-end rot. 



Rhizoctonia Canker (Black Scurf) 

Rhizoctonia canker, or black scurf, is caused by a fungus, Rhi- 
zoctonia solani Kiihn {Corticium solani (Prill, and Del.) Bourd. 
and Galz.), which under conditions favorable for its development 
may cause serious damage to the underground stems and stolons of 
the potato plant. The stem-lesion stage of the disease is most 
common in cool, wet soils ; a large part of the reduction in stand 
and yield is a result of this type of infection. 

The potato plant infected with Rhizoctonia is characterized by 
a curling and purpling of the leaves in severe attacks and a general 
lack of vigor in less severe infection. When an underground stem 
is only partially girdled by the fungus few top symptoms are 
evident. When the stem is completely girdled the symptoms re- 
semble those of psyllid yellows. Curling and pinkish to purplish 
color develop ; often aerial tubers develop also. In cases of partial 
or complete girdling the plant produces either a reduced set or 
only a few small tubers close to the surface of the soil. When 
stolons are attacked no top symptoms may appear, and it is only 
upon digging that the reduced number of tubers is noted. Stem 
lesions occur most commonly in soils that are below 70° F. and 
relatively moist. Shallower planting in such cool soils aids in 
control of stem lesions by permitting the soil to warm up faster. 
As the season progresses, the seed can be covered deeper by suc- 
cessive cultivations. 

The most common symptom of the disease is the development 
on the skin of the mature tubers of sclerotia, or irregular small 
black masses (fig. 41) that look like dirt but when moistened do 
not wash off and appear jet black. These masses are made up of 
threads of Rhizoctonia; although they do no harm to the tuber they 
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do detract from, its appearance and also serve as a source of the 
disease when such infected tubers are used as seed stock. These 
sclerotia carry the disease that causes the stem-lesion injury. Seed 
potatoes showing these black sclerotia should be treated (p. 5). 

Rhizoctoniay like the common scab organism, lives over winter in 
the soil. Some soils seem to carry the organism from one season 
to another more readily than others. Seed treatment will not kill 
the soil-borne Rhizoctoniw but does offer some protection to the 
young sprout. Some soils are apparently free from Rhizoctonia; 
in such cases seed pieces are the main source of the disease.' 




Figure 41. — Potato tuber partly covered with hard black masses of the fungus 
that causes rhizoctonia canker, or black scurf. 

Late Blight 

Late blight, caused by the fungus Phytophthora infestans 
(Mont.) DBy., is one of the most destructive of all potato diseases. 
In the past it has been most destructive in the New England and 
North Central States, but at times it has caused considerable loss 
along the Pacific coast. During 1941-43 late blight appeared in 
the Rocky Mountain section, doing heavy damage to tubers in 
northern Colorado, where potatoes are grown under irrigation. 
This disease is known as late blight because it usually attacks 
potato plants at or after the blooming stage. It may, however, 
attack them at any stage of growth. 

The disease is first noticed as purplish or brownish-black areas 
on the blade of the leaflet, the leafstalk, the flower pedicel, or the 
stem. The lower leaves usually are the first to show the infection. 
The diseased areas have water-soaked zones about their margins ; 
such recently invaded areas become lighter colored than the nor- 
mal green of the leaf, appearing as light-colored halos about the 
blackened areas ; in turn, they blacken and die. During favorably 
warm, moist weather the disease spreads rapidly, and all the 
plants in a field may be killed in a few days (fig. 42). The dis- 
eased and decaying plants have a characteristic odor, which be- 
comes pronounced in fields that are heavily attacked. 
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Figure 42. — Two rows of the Green Mountain potato killed by late blight. The 
plants in the two rows to the left, which were resistant to late blight, were 
still green. 

The late blight organism also attacks the tubers in the soil. The 
tuber rot is first brown and spreads irregularly from the surface 
through the flesh. The diseased tissue may remain firm, or it 
may become soft as a result of infection by soft rot organisms. 
Under low-temperature storage the disease is typically a dry rot, 
forming irregular areas which may involve the whole tuber under 
conditions of high humidity and favorable temperature. 

In northern Colorado the disease has proved to be destructive 
to both plants and tubers. Irrigation facilitates the dissemination 
of the causal organism. The infected areas on the leaves produce 
many small spores, or conidia. These may drop into the irrigation 
water and be carried down the rows and into the soil, where they 
infect the tubers. Rain may also wash the spores from the leaves 
into the soil, but in the irrigated districts this method of spore 
distribution is not so important as that by irrigation water. If 
even small amounts of late blight are present in a field, particular 
care should be taken to avoid irrigation while the spores are being 
produced and dropped. Night and early-morning irrigations should 
be avoided. It is best not to irrigate when the infected areas on 
the leaves are active. If the disease appears when the tubers are 
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practically mature, irrigation should be stopped for the season. 
If it appears before the tubers are sizable and water is necessary 
to produce a crop, irrigation water should be applied only after 
the plants have been thoroughly sprayed or dusted with bordeaux 
mixture (p. 51). 

Digging should not be attempted while the infected potato plants 
are still alive. A period of 10 days to 2 weeks should pass after 
the plants are dead before digging. If the soil at digging time is 
dry, this period may be reduced. Spraying the infected vines with 
bordeaux mixture (p. 51) is the best known control for late blight. 

Affected potatoes should not be used for seed, because they often 
fail to sprout or they produce diseased plants that serve as centers 
of infection for the entire field. Infected tubers should not be 
dumped in piles along the fields or roads. These potato dumps 
serve as important starting places for blight the following season. 
All tubers affected with late blight should be destroyed before 
potato plants are above ground. 

Most commercial varieties of potatoes are susceptible to late 
blight. The variety Sebago, which was developed by the United 
States Department of Agriculture in cooperation with the Maine 
Agricultural Experiment Station, is resistant and during years of 
moderate blight epidemic will produce a good crop without spray- 
ing. Spraying of this variety reduces infection, but fewer spray- 
ings are required to produce a maximum crop. In the variety 
Sebago tuber rot is rare. 

Fusarium Wilt 

Fusarium wilt, caused by several species of Fusarium, is one of 
the most common diseases of potatoes in the Western States, es- 
pecially in the warmer soils where irrigation is necessary for 
growing potatoes. 

One symptom of the type of fusarium wilt caused by Fusarium 
oxysporum Schlecht. is wilting accompanied by yellowing of the 
lower leaves. This fungus lives in the soil, and infection is favored 
by high soil temperatures. The type of wilt caused by another 
species, F, eumartii Carpenter, is characterized by a discoloration 




of the tops and a 
flecking of the pith 
of the stems. This 
type of wilt is more 
rapid in its develop- 
ment than the other 
one. Both types 
cause premature 
death of the plant. 
Either fungus may 
infect the lower 
stem, roots, and 
stolons and in some 
cases may enter the 
tubers through the 
stolons and cause a 



Figure 43.— Stem end of a potato tuber affected with distinct browning 
fusarium wilt. of the stem-end tis- 



48 



sues. This discoloration may be due to the rapid killing of the 
stolon and subsequent collapse of the stem-end tissues of the tuber, 
or it may be caused by the actual invasion of the tuber tissue by 
the fungus mycelium (fig. 43). 

Because the fusarium wilt fungus overwinters in the soil and 
may be carried over in tubers, control measures are not entirely 
successful. In most Western States wilt can be reduced a great 
deal by keeping potato plants in a vigorous growing condition by 
careful handling of irrigation water. Potato plants should never 
be allowed to wilt because of lack of soil moisture, for it is at this 
time that Fusarium may readily infect the roots and stolons. 

Ring Rot (Bacterial Ring Rot) 

Ring rot is caused by Phytomonas sepedonica (Spieckermann) 
Magrou. It appeared in American potato fields about 1934. First 
it was noted in only a few States, but now occurs in practically 
all potato-growing States. 

The symptoms of the disease do not become evident until late in 
the growing season. Some plants become infected without ever 
showing top symptoms. In other cases only one stem or part of 
the stems in a hill will show wilting, whereas the others appear 
healthy (fig. 44). When affected plants are dug, all gradations 




Figure 44. — A potato plant affected with ring rot, showing wilted branches 
and leaves. (By courtesy of the Florida Agricultural Experiment Station.) 
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Figure 45. — A tuber affected with ring rot, sliced lengthwise to show the ex- 
tent of decay and the separation of the cortex tissue from the core of the 
tuber. (By courtesy of the Florida Agricultural Experiment Station.) 

from sound to completely decayed tubers are usually found. The 
decay is most evident in the region near the vascular ring of the 
tuber. It may affect any part or all of the ring. The decayed 
tissue is yellov^ish v^hite and of a crumbly nature (fig. 45). This 
decayed material may ooze from the ring if the tuber is squeezed 
in the hand. Severely infected tubers may crack or show a reddish 
discoloration on the skin. Infected tubers are often invaded by 
soft rot organisms that cause them to break down completely. 

The organism apparently does not live from one season to an- 
other in the soil ; the main source of infection is affected tubers. 
Because tubers may be infected without showing symptoms, it is 
difficult to detect the disease in the seed. Slightly infected tubers 
contain sufficient bacteria to contaminate healthy seed, either by 
the cutting knife or by direct contact. 

^ The only practical way to control ring rot is to use exclusively 
disease-free seed, care being exercised that it does not become 
contaminated. The use of whole seed aids in avoiding spread by 
the cutting knife, planters, etc. Storage cellars, as well as con- 
taminated planters, containers, graders, etc., that have had in- 
fected stocks in them should be disinfected with formaldehyde, 1 
pint to 15 gallons of water, or with lysol, 2V2 teaspoons per gallon 
of water. 

The Colorado Agricultural Experiment Station has developed a 
power-driven rotary knife to prevent spread of ring rot while 
cutting seed. While in use the knife rotates in a disinfecting so- 
lution or in boiling water. 
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Early Blight 

Early bligrht, caused by Alternaria solmii (Ell. and Martin) 
Jones and Grout, is a very common disease in many Western 
States. In some years it causes considerable damage by prema- 
turely killing the leaves, and in a few cases it causes a rot of the 
tubers. It usually attacks the plants 2 or 3 weeks before harvest. 
If showers occur during warm weather the disease may attack 
the tubers and cause a surface rot, light brown in color, which 
may serve as a point of entrance for other soil-inhabiting fungi. 
Small scattered targetlike spots are produced on the leaves, which 
often become yellow. These spots may enlarge and cover a large 
part of the leaf. 

Spraying with bordeaux, as is recommended for late blight (see 
below) , gives some control of early blight. Dithane, a new spray 
material, has given good results in Colorado. 

SPRAYING ^ 

Potatoes must be sprayed in order to control some of the leaf 
diseases, such as late ^blight. For this purpose 4-4--50 botdeaux 
mixture has given the best results. Calcium arsenate ok* zinc 
arsenite (pp. 53 and 54) is added when needed to contrbl the 
Colorado potato beetle and flea beetles. 

(See warning about poisonous chemicals^ p. 6.) 

The materials required for making 4-4-50 bordeaux mixture 
are copper sulfate 4 pounds; lump lime 4 pounds, or 6 pounds hy- 
drated lime; and 50 gallons of water. A convenient method of 
making up this spray mixture is to dissolve 4 pounds of pulverized 
copper sulfate in 25 gallons of water by suspending it in a ^ack 
near the top of the water overnight or in a small quantity of hot 
water; to slake the 4 pounds of lump lime gradually in a sihall 
amount of water and dilute the milk of lime to 25 gallons, ol* to 
mix the 6 pounds of hydrated lime in 25 gallons of water ; and then 
to poiir the two solutions together in a third barrel and stir vigor- 
ously. The resulting bordeaux mixture is of a milky-blue color. 
If it is impossible to spray at once, three-fourths ounce (a heap- 
ing tablespoonful) of sugar dissolved in a small amount of water 
should be added to each 50-gallon barrel of spray mixture. This 
will keep the spray mixture in good condition for a long time; 
otherwise, the spray would be worthless after about 24 hours. 

To be effective, spraying must sometimes be started when the 
plants are from 4 to 6 inches high and be continued at regular in- 
tervals throughout the growing season. During some years and in 
some localities 5 or 6 applications are sufficient ; under other con- 
ditions from 10 to 12 are none too many. On the other hand, in 
some years spraying may not be necessary, at least not until the 
disease appears. The State agricultural experiment station or the 
local extension service should be consulted in regard to local prac- 
tices, as the spray programs may vary in different parts of a 
State. 

It is a good practice to keep all new growth protected with the 
fungicide and to renew the application on the older growth. To 
give the vines a good protective coating, an application of 60 to 75 
gallons to the acre is required when the plants are small and one 
of 100 to 125 gallons when they are large. 
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DUSTING 

Many growers prefer to apply copper-lime dust rather than bor- 
deaux mixture for the control of foliage diseases. One reason for 
this is that spraying is rather inconvenient. Dusting is easier 
and requires less expensive and less complicated machinery. Much 
experimental work conducted in a number of States has demon- 
strated that dust properly applied will give almost as good late 
blight control as spray. A very satisfactory dust for potatoes is 
a mixture of monohydrated copper sulfate and hydrated lime with 
powdered lead arsenate or calcium, arsenate added when an arse- 
cal poison is necessary. The materials must be so fine that 95 
percent of the mixture will pass through a 200-mesh sieve. The 
percentages of copper sulfate used vary somewhat, but 20 percent 
is considered satisfactory. When an arsenical is needed, either 7 
to 15 percent of lead arsenate or 10 to 25 percent of calciium arse- 
nate replaces an equal percentage of the lime. It is also possible 
to purchase the dust already mixed. 

(See warning about poisonous chemicals, p. 6.) 

The amount of dust needed depends on the size of the plants and 
the percentage of copper in the dust. Generally, the same number 
of applications of dust as of spray will be needed during the sea- 
son. When the copper-lime dust comes in contact with moisture 
on the leaf, the particles of copper sulfate and lime combine to 
form a bordeaux mixture. It is therefore desirable to apply the 
dust early in the morning when the leaves are covered with dew. 
Otherwise it is likely to be blown off. 

Dusting is often used on peat land, as it is frequently impossible 
to operate heavy sprayers on such soils. On hilly land, or where 
it is difficult to get water to operate sprayers, dusting is often 
preferable. 

SELECTION OF DISEASE -RESISTANT VARIETIES 

One of the most effective means of combating potato diseases is 
the use of varieties that are resistant to one or more diseases. The 
development of disease-resistant varieties has been emphasized in 
the national potato-breeding program, which is conducted co- 
operatively by State agricultural experimental stations and the 
United States Department of Agriculture. As a result of these 
efforts a number of varieties have been developed and introduced. 
The Katahdin, Sebago, Chippewa, Houma, and Earlaine varieties 
are highly resistant to mild mosaic. Sebago is also resistant to 
late blight. Sequoia is highly resistant to leaf hoppers. At pres- 
ent a concerted eifort is being made to develop good commercial 
varieties that are resistant to common scab. A breeding program 
for psyllid resistance is being conducted in Colorado. Other char- 
acteristics being equal the resistance to even one disease makes a 
variety better than a susceptible one, but a variety good in one dis- 
trict may be of little value in another. Growers are warned, there- 
fore, against buying large quantities of high-priced seed stock 
until they know its value in their district. 

INSECTS AND THEIR CONTROL 

The common insect enemies of potatoes in the Western States 
are the Colorado potato beetle, fiea beetles, the potato and tomato 
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psyllid, wireworms, aphids, leafhoppers, the seed-corn maggot, 
Lygus plant bugs, and the potato tuber worm. 

COLORADO POTATO BEETLE 

The Colorado potato beetle (Leptinotarsa decemlineata (Say) ) 
is one of the most widespread and destructive insect pests of pota- 
toes in this country. It occurs in some parts of all the Western 
States except California and Nevada. This insect first appears 
above ground in the spring in the form of the adult, or hard-shell, 
beetle. The beetle is half-round and about three-eighths of an 
inch long. The under side and legs are brown and the top is gray 
or white, except for 10 black stripes down the back and small, 
dark spots near the head. The female beetles lay their eggs in 
batches of 2 to 70 each, usually placing them on the under sides 
of potato leaves. The eggs are yellow or orange at first but become 
darker with age. After 4 to 9 days the eggs hatch into soft slugs, 
or larvae. These slugs are brick red at first but change to bright 
red or orange when full grown. The slugs feed almost contin- 
uously for 2 to 3 weeks, and when approximately three-fifths of an 
inch long they drop to the ground and enter the soil. During the 
next 10 to 15 days they pass through the inactive, or pupal, stage 
and gradually assume the shape of the adult. The time of emer- 
gence of the adults from the soil and of their flight to potato fields 
depends upon seasonal conditions. There may be one or two gen- 
erations of this insect each year. 

The Colorado potato beetle may be controlled with insecticides 
containing arsenicals or rotenone. For dusts, mix ingredients in 
the proportions of 1 pound of calcium arsenate or zinc arsenite 
to 3 pounds of talc or 1 pound of paris green to 8 pounds of 
talc ; or use a dust containing 0.75 percent of rotenone.^ For sprays, 
use 1 pound of paris green, or 2 pounds of zinc arsenite, or 2 
pounds of calcium arsenate, or 2 pounds of derris or cube root 
containing from 4 to 5 percent of rotenone to each 50 gallons of 
water. If a lime-sulfur spray is to be applied for control of an- 
other insect, the Colorado Agricultural Experiment Station rec- 
ommends the addition of 2 pounds of zinc arsenite to 41 gallons of 
lime-sulfur spray. 

In handling, mixing, and applying poisonous insecticides and 
fungicides, especial care should be taken not to inhale excessive 
quantities at any time^ Well-designed respirators affording pro- 
tection to the entire face are available and should be used when 
such danger exists. After working with poisons the hands or any 
exposed parts of the body should be washed th6roughly. 

FLEA BEETLES 

Several flea beetles attack potatoes in the West. Of these the 
most injurious are, in the order of their importance, the tuber flea 
beetle^ (Epitrix tuberis Centner), the western potato flea beetle 
(Epitrix subcrinita (Lec.) ), the tobacco flea beetle (Epitrix hirti- 
pennis Melsh.), and the pale-striped flea beetle (Systena blanda 

2 Wartime conditions have led to certain restrictions on the use of rotenone and pyrethmm 
insecticides, and these restrictions are subject to changre dependent upon the supply. For up- 
to-date information on the subject, consult the Office of Materials and Facilities, War Food 
Administration, Washington 25, D. C. When these materials are mentioned in this bulletin, 
alternative methods of control are also given. 

3 The common name of tuber flea beetle is proposed for this species. 
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Melsh.). When abundant, the adult flea beetles seriously injure 
the foliage of potato plants, and this causes a reduction in yield. 
The tuber flea beetle is especially destructive because the larvae 
tend to feed in the developing tubers, thus impairing their quality. 

The adult of the tuber flea beetle is black, oval, and approxi- 
mately one-sixteenth of an inch long, and, like those of other flea 
beetles, its hind legs are developed for jumping. When disturbed, 
it may quickly disappear from sight. Both sides of the leaves are 
attacked during feeding, and the small, round holes produced may 
become so numerous that the leaves wither and die. The over- 
wintering adults emerge from the soil during May and June. 
These adults feed for a few days and the females reenter the soil 
near the potato plants to lay their eggs. The eggs hatch in from 
5 to 8 days into slender, white, wormlike larvae. These larvae feed 
on the small roots or in the potato tubers. The damage to tubers 
majr be in the form of roughened trails on the surface or tiny, 
brown tunnels extending up to three-quarters of an inch into the 
tuber. The larvae feed for 2 to 3 weeks and then pass through an 
inactive phase in the soil for 10 to 14 days. The newly developed 
beetles emerge from the soil and reproduction continues. There 
is one complete brood of the tuber flea beetle in most of the in- 
fested areas, and partial second and third broods may occur under 
favorable conditions. 

The adult of the western potato flea beetle is shiny, bronze, or 
greenish black and approximately one-fourteenth of an inch long. 
Foliage injury by this beetle is similar to that caused by the tuber 
flea beetle. The adults emerge from soil and debris from March to 
May. The larvae feed chiefly on fine roots, but a few may damage 
potato tubers. The amount of tuber damage from larvae of this 
beetle varies from year to year. There are two to three genera- 
tions each year. 

The adult of the tobacco flea beetle is light to dark brown, often 
with a wide darker band across the back, and approximately one- 
sixteenth of an inch long. The feeding habits of the adult are sim- 
ilar to those of the tuber and western potato flea beetles. The 
larval habits under western conditions are not well known. 

The adult of the pale-striped flea beetle is shiny, pale yellowish 
brown to black, with two irregular white stripes down the back, 
and approximately one-eighth of an inch long. The adults feed on 
many plants and their damage to potato plants varies greatly from 
year to year. The larvae feed on the roots. There are two com- 
plete broods in some localities. 

The insecticides recommended for the control of flea beetles on 
potatoes vary in different localities. Other insect or fungus pests 
requiring insecticide or fungicide control measures often deter- 
mine which of several insecticides is best suited to particular com- 
binations of dusts or sprays. 

Flea beetles on potatoes may be controlled by insecticide dusts 
containing 45 percent of cryolite (containing approximately 40 
percent of sodium fluoaluminate) and 55 percent of talc or 25 to 
40 percent of calcium arsenate and 60 to 75 percent of talc. In sec- 
tions where late blight occurs, a dust consisting of 25 percent of 
calcium arsenate, 25 percent of monohydrated copper sulfate, and 



54 



50 percent of finely ground hydrated lime gives good control of 
flea beetles and blight. 

The Colorado Agricultural Experiment Station reports success 
in controlling flea beetles, the potato psyllid, and the Colorado 
potato beetle by the use of a spray consisting of 1 gallon of liquid 
lime-sulfur, 2 pounds of zinc arsenite, and 40 gallons of water. 

POTATO AND TOMATO PSYLLID 

The potato and tomato psyllid {Pa/ratrioza cockefelli (Sulc) ) 
is a very destructive insect pest of potatoes in Colorado, Nebraska, 
and New Mexico. It also occurs in most other Western States 
except Oregon and Washington. This tiny insect injects a sub- 
stance into plants during the feeding process that causes a curling 
and yellowing of the leaves known as psyllid yellows (p. 33). 

The adult psyllid is a narrow insect approximately one-tenth 
of an inch long. The wings fold together roof like above the body. 
A broad white band extends across the middle of the gray body 
and an inverted white Y-shaped mark occurs at the tip of the 
abdomen. The adult psyllids often migrate long distances from 
south to north soon after emerging from winter hibernation. 
They appear in eastern Colorado during the first half of May and 
in Utah early in June. The eggs are spindle-shaped and light 
yellow to orange and are suspended from the leaves on short stalks. 
The eggs hatch in 3 to 8 days. The young psyllids, or nymphs, 
are flat, scalelike, and light yellow or green. The nymphs require 
approximately 16 days for development; then the adults appear. 
The complete life cycle requires from 15 to 30 days, depending 
upon temperature conditions. There may be as many as 10 gen- 
erations during a season in some parts of the Western States. 

WIREWORMS 

Wireworms are the soil-inhabiting larvae of a group of insects 
popularly known as "click beetles" or "snapping beetles." Several 
species of these beetles occur in the West, of which the Great Basin 
wireworm {Ludius pruininus noxius (Hyslop) ) and the sugar- 
beet wireworm (Limonius calif ornicus (Mann.)) are especially in- 
jurious to potatoes. The Great Basin wireworm is native to the 
dry-farming areas of Idaho, Oregon, and Washington and has be- 
come highly destructive in fields under irrigation. The sugar- 
beet wireworm occurs chiefly in the irrigated sections of the Pacific 
coast. 

The adult wireworms are slender, hard-shelled beetles, tan to 
dark brown or black, and one-third to one-half inch long. The 
adults emerge from soil from February to June, depending upon 
the locality. The tiny white eggs are laid in groups in moist soil. 
The eggs hatch chiefly in June, in the North, or in 3 to 4 weeks. 
The newly hatched wireworms, or larvae, are white, with dark 
jaws, and about one-sixteenth of an inch long. As the larvae 
grow in size they become dark yellow in color, have a jointed ap- 
pearance, and range from one-fourth to three-fourths of an inch 
long. After feeding has ceased, the larvae pass through the pupal 
stage and become adults. Under favorable conditions a few may 
become adults in 1 year. Most of them require 3 to 4 years and 
occasional ones 5 years. Wireworm larvae burrow into planted 
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potato seed pieces and kill them, and also burrow into developing 
tubers, causing them to be of inferior quality. An average of 
two to five wireworms per square foot of soil is sufficient to cause 
serious damage to a potato crop. 

The most economical control of wireworms in potato land is to 
include 3, or preferably 4, consecutive years of alfalfa in the 
crop rotation. Alfalfa creates a dry, compact condition in the 
soil unfavorable to wireworms. In fields known to be infested by 
wireworms, potatoes planted late in June or in July are less dam- 
aged thian those planted for an early crop. Wireworm populations 
may be greatly reduced by either flooding or drying out the fields. 
The flooding of fields should be attempted only when the soil tem- 
perature can be maintained above 68° F. for a continuous period 
of 5 to 7 days. The drying-out process consists of plowing the 
fields during the summer and allowing the upper 18 inches to 
remain dry for several weeks. Wireworms* may be killed by 
fumigating the soil with crude naphthalene, but the process nor- 
mally is too expensive to be used on potato land. 

APHIDS 

Several species of soft-bodied plant lice, or aphids, attack potato 
foliage. The potato aphid (Macrosiphum solanifolii (Ashm.)) 
varies in color from green to pink and is often called the pink 
and green potato aphid. The green peach aphid (Myzics per- 
sicae (Sulz.)) is also commonly found on potatoes. When abun- 
dant, these aphids reduce the yield of tubers by sucking the 
juices from the foliage. Aphid infestations often are difficult to 
control, but if dusting or spraying is begun during the early stages 
of the infestation good results can be obtained. Dust mixtures 
containing three-quarters of 1 percent of rotenone with talc, or 
10 pounds of nicotine sulfate and 90 pounds of finely ground hy- 
drated lime, may be used. The nicotine sulfate dust should not be 
used unless the air temperature is above 70° F. Sprays contain- 
ing nicotine sulfate also are effective. Dissolve 4 to 5 pounds 
of soap in a small amount of water, add IV^ pounds of nicotine 
sulfate, and mix this nicotine-soap solution in 100 gallons of water. 
Where bordeaux mixture is used for the control of diseases, add 
ly^ pounds of nicotine sulfate to 100 gallons. Another spray for 
aphids on potatoes can be prepared by adding 3 pounds of derris 
or cube root powder and 2 quarts of soybean oil, plus 1 pint of an 
emulsifying agent, to 100 gallons of bordeaux mixture. 

lEAFHOPPERS 

Of the several kinds of leaf hoppers that feed on potatoes, the 
potato leaf hopper {Empoasca fabae (Harr.)) is most destructive 
because of a diseaselike condition, known as hopperburn, which 
develops in infested fields. This leaf hopper occurs in most of the 
States east of the Continental Divide, at low latitude in California 
and under similar conditions in other Western States. The hop- 
perburn condition caused by this insect begins with a yellowing of 
the leaf around the margin and tip, followed by a curling upward 
and rolling inward. The leaf changes in appearance from yellow 

*Por further informationi on the control of wireworms, see Farmers* Bulletin 1866, Wir^ 
worms and Thmr Control On Irrigated Lands. 



56 



to brown and then becomes dry and brittle. When the leaf hopper 
infestation is heavy the entire plant may die prematurely. 

Other leafhoppers, including Empoasoa filamenta DeLong, E. 
ubrupta DeLong, and E. arida DeLong, occur in parts of the West ; 
although they may be present in large numbers on potatoes, they 
do not cause hopperburn. 

^ The leafhoppers of the Empoasca group found on potatoes are 
similar in color and size. The adults are small, wedge-shaped 
insects about one-eighth of an inch long. The adults are pale 
green to yellowish green and may be marked with small white 
spots. The eggs are inserted into the tissues of the plant. The 
young, or nymphs, are pale green, fragile, and fast moving. The 
adults and nymphs occur on the under side of the leaves, where 
they suck the juices of the plant. 

According to results reported by the Idaho Agricultural Experi- 
ment Station, satisfactory control of Empoasca filamenta on pota- 
toes "was obtained by using a dust containing 5 pounds of an im- 
pregnated pyrethrum material (containing 2 percent of pyre- 
thrins) to 95 pounds of cube-talc dust (containing 1 percent of 
rotenone). A spray containing 2 gallons of concentrated liquid 
lime-sulfur, 0.2 gallon of pyrethrum extract (containing 2.5 per- 
cent of pyrethrins) , 1 pound of soap, and 100 gallons of water gave 
good control. The potato leaf hopper can be controlled by a spray 
consisting of an 8-8-100 bordeaux mixture, or by dust containing 
20 percent of powdered monohydrated copper sulfate and 80 per- 
cent of finely ground hydrated lime. 

SEED-CORN MAGGOT 

The seed-corn maggot (Hylemya cUicrura (Rond.)) is the im- 
mature, or maggot, stage of a fly that lays its eggs on soil and 
decaying vegetable matter. The small white maggots that emerge 
from the eggs feed upon a wide range of substances, including 
both living and dead plant and animal life. Seed-corn maggots 
seem to prefer the sprouting seed and the seedlings or decaying 
parts of such plants as beans, corn, peas, and potatoes. Their 
feeding on potato seed pieces in the soil is accompanied by decay, 
and the young plants are either killed or become so weakened as 
to reduce the stand of plants and the yield. Apparently the seed- 
corn maggot always begins feeding on the cut surface of the seed 
piece or where the skin has been broken. 

The best control for the seed-corn maggot^ is to allow the potato 
seed piece to heal, or suberize, before it is planted. This requires 
that potatoes be cut into seed pieces 10 days or more before plant- 
ing. Some growers consider this procedure to be an economic ad- 
vantage because of the better distribution of labor that it affords. 

LYGUS BUGS 

LyguSy or legume, bugs {Lygus hesperus Knight, L. elisus Van 
Duzee, and L. ohlineatus (Say)) feed on a number of crops 
including potato. They occur in greatest numbers on alfalfa 
and often migrate to potato fields after the alfalfa is cut. The 
bugs feed on the tender, new leaves of potato plants and cause 

^ For further information on the control of the seed-corn maggot as a pest of potato seed 
pieces, see Technical Bulletin 719, Prevention of Damage by the Seed-Corn Maggot to Potato 
Seed Pieces. 
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them to wilt and die. The adults are flat, three-eighteenths of an 
inch long, pale green to dark brown, often tinged with red, yellow, 
or black. The nymphs are pale green at first and later become 
darker green, with small black spots near the head. According to 
results reported by the Idaho Agricultural Experiment Station, 
the adults and nymphs may be controlled by a dust containing 
0.125 percent of pyrethrins and 0.5 percent of rotenone. 

POTATO TUBER WORM 

The potato tuber worm (Gnorimoschema opercvlella (Zell.)) 
derives its name from the destructive larva, or worm, stage of a 
small gray moth which attacks potatoes and related crops. It 
is a pest in some parts of California and occurs in limited numbers 
in Washington, Arizona, Colorado, and Nebraska, as well as in 
Texas and many States farther east. During spring, summer, and 
fall the moths deposit their eggs on the leaves and stems of plants. 
The small pearly white eggs hatch in a few days and the larvae 
mine the stems and leaves. The mature larva is about two-fifths 
of an inch long, white, with a pinkish cast on the back. When the 
infested foliage dries, the worms enter cracks in the soil where 
they attack the tubers. The larvae tunnel throughout the tubers 
and render them unmarketable. The moths also may lay eggs on 
the tubers during harvest if they are left uncovered in the field 
overnight. Additional egg laying and development of the insect 
may continue during the winter under most storage conditions. 

The tuber worm is best controlled by cultural practices, careful 
clean-up measures, and fumigation of storages. In infested fields 
the tubers should be kept well covered with soil until harvest, 
which should be as soon as possible after the tubers reach maturity 
and before the vines die. The tubers should be removed from the 
field the day they are dug. All infested tubers, culls, and volunteer 
potato plants should be destrbyed. Uninfested potatoes should 
not be stored in or near places that have contained infested pota- 
toes unless the storage space has been cleaned and fumigated 
with methyl bromide or carbon disulfide. Tuber worms within the 
tubers may be killed by fumigating for 3 hours with methyl bro- 
mide at the rate of 2.4 pounds per 1,000 cubic feet of space, includ- 
ing that occupied by the tubers. For specific information on the 
proper use of this f umigant consult your State or extension 
entomologist. 

Methyl bromide is a poisonous gas and, being odorless, should be 
handled with extreme caution. Gas masks should be worn while 
working with methyl bromide, and the work should be supervised 
by a commercial fumigator or by a person thoroughly familiar 
with fumigation practices. 
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POTATOES ARE GROWN in the West under soil 
and climatic conditions that are somewhat differ- 
ent from those of other potato-growing areas of the 
United States. Disease and insect control also present 
individual problems. 

In the West most of the potatoes are grown under 
semiarid conditions, and the application of irrigation 
water /IS necessary to get the maximum yields. The 
crop-rotation practices are peculiar to the West, and 
the use of commercial fertilizer, although increasing, 
is not as yet so widespread as in other regions. Dry- 
land potato production, with its special problems, is 
important in some States. 

Practices that have wide application are discussed in 
the main part of the bulletin, and those of less general 
interest are discussed under the individual States. 
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